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FOREWORD
This report Is composed of the draft chapters covering work
performed under tasks 2 through 4 of the Lake Q u l n s l g a m o n d Urban
Runoff Project contract. The three chapters cover the contract
tasks as foilows:
Task 2 - Chapter 2. Statement of Water Q u a l I t y Goals and
objectives for Lake Qulnslgamond.
Task 3 - Chapter 3. Lake Descrf11zatI on
Land Use Data
Hydro!oglc Data
Cl imatlc Data
Task 4 - Chapter 4. P r e l i m i n a r y Assessment of Stormwater
Loads
C h a p t e r t w o p r e p a r e d b y Meta S y s t e m s r e v i e w s a n d a n a l y z e s
d a t a c o n c e r n i n g t h e p r e s e n t c o n d i t i o n a n d t r e n d s o f L a k e
Q u l n s l g a m o n d , I n o rder t o d e f i n e w a t e r q u a l i t y a n d o b j e c t i v e s
geared t owa rd u p g r a d i n g and m a i n t a i n i n g the wa te r q u a l i t y o f Lake
Q u l n s l g a m o n d to or at l e v e l s necessary to accomodate the va r i e t y
of uses d e m a n d e d of the Lake, a c o m p l e t e r e v i e w of al l a v a i l a b l e
w a t e r q u a l i t y da ta w a s p e r f o r m e d . T h i s data I n c l u d e d m a t e r i a l
f r o m p r e v i o u s w o r k w i t h t h e C e n t r a l M a s s a c h u s e t t s R e g i o n a l
P l a n n i n g C o m m i s s i o n , 1975-1977, and the Massachuse t t s D i v i s i o n o f
Wate r P o l l u t i o n Contro l , 1971 I n t e n s i v e su rvey and the on-going
I n t e n s i v e 3 1 4 d i a g n o s t i c s u r v e y o f 1978 -1979 . T h e s e da ta w e r e
s u p p l e m e n t a l w i t h other a v a i l a b l e data, I n c l u d i n g data f rom the
Ci ty of Worces ter Hea l th Department Beach Sam pi Ing program and
v a r i o u s s a m p l i n g e f f o r t s o f t h e W a t e r Q u a l i t y / R e s o u r c e s S t u d y
Group o f t he W o r c e s t e r C o n s o r t i u m fo r H i g h e r E d u c a t i o n and
pe rce i ve t rends In l a k e wa te r q u a l i t y and b a s i n c h a r a c t e r i s t i c s
(e.g., l a n d u s e , p o p u l a t i o n , p o p u l a t i o n d e n s i t y , h i g h w a y
const ruc t ion, rec rea t iona l areas, etc.).
C h a p t e r t w o c o n s i d e r s o b s e r v e d , a s w e l l a s p r o b a b l e ,
p o l l u t a n t s e n t e r i n g the l a k e and the i r p o t e n t i a l I m p a c t on the
w a t e r q u a l i t y I n t h e l a k e . T h e c h a p t e r I n d i c a t e s w a t e r
q u a l i t y / c a u s a l factor t rends and the potent ia l of a c h i e v i n g water
q u a l I t y c o m p a t i b l e w i t h d e s i r e d uses. Chapter t w o h a s I t s o w n
t a b l e of contents. A p p e n d i c e s r e l a t i n g to chapter two are bound
separate Iy.
C h a p t e r th ree c o n s i d e r s t h ree a d d i t i o n a l t ypes o f da ta
requ i red to adequa te l y cha rac te r i ze the l a k e s h e d and the fac to rs
w h i c h I n f l u e n c e w a t e r q u a l i t y . These I n c l u d e l a n d u s e data,
h y d r o l o g l c data and c l i m a t i c data.
Print . c o p i e s o f m a p s s h o w i n g t h e t o p o l o g y , c a t c h m e n t
d i v i s i o n s and storm water s a m p l i n g l oca t i ons have been prepared
as part of the output of th is task. These maps are I n c l u d e d w i t h
th is report under separate cover.
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Procedures for c o l l e c t i n g and p r o c e s s i n g h y d r o l o g l c data. In
p a r t i c u l a r , s t r eam f l o w data , a re p r e s e n t e d In C h a p t e r 3 . The
com p ie te I on g-term r a i n f a l l a n a l y s i s for the Worces te r a i rpor t
s ta t ion Is a l so presented In chapter 3.
Chapter 4 presents a recommended s to rmwa te r m o d e l l i n g
s t ra tegy , d o c u m e n t a t l o n o f t he s t o r m w a t e r m o d e l , and an I n i t i a l
sc reen ing of the w a t e r s h e d u s i n g the model and data c o l l e c t e d In
Task 3 to generate an In i t ia l set of s tormwater l o a d f n g s .
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CHAPTER 2
_ COMPILATION, REVIEW AND ANALYSIS OF HISTORICAL WATER QUALITY DATA
™ FROM LAKE QUINSIGAMOND, MASSACHUSETTS {TASK 2)
prepared forI
Environmental Design and Planning
• as part of
_ USEPA NURP Project
by
Meta Systems Inc
10 Holworthy Street
Cambridge, MA 02138
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August 29, 1980
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ISection 1
Introduction
I
I
I
Objective of Work - Task Two
I
The major objectives of the analyses under task 2 are two fold, namely:
1. To discern the temporal and spatial water quality trends in Lake
• Quinsigamond; identify wherever possible the causal factors relating to
the trends; and identify the key pollutants (variables) related to meeting
• use objectives.
| 2. Based on the analyses, judgements will be made of appropriate
• analytical models and the potential, via implementation of control devices
and management policies, of achieving water quality conducive to desired
use (namely Class B waters).
• A computer data base was established and statistical analyses per-
formed; displays were produced of pertinent water quality data. Based
| upon these preliminary analyses, quantitative analyses are being done on
the following interrelated water quality aspects:
1. nutrient/eutrophication,
2. hypolimnetic oxygen depletion,
3. sedimentation/turbidity,
4. bacteria.
The preliminary statistical analyses characterized spatial and tem-
poral variations in these and related water quality components. Levels
were compared to appropriate standards criteria to assess the severity
I
• of historical water quality problems. Spatial variations will be used to
_ provide guidance for lake model segmentation. Temporal variations will be
—
 used to assess the seasonal (and possibly antecedent storm) aspects.
™ Based on the analyses under Task 2, appropriate models for each rele-
• vant water quality component will be formulated. Appropriate spatial and
temporal scales will be selected for modelling each variable based upon
| lake morphometry, hydrology, historical water quality conditions, and
_ controlling conditions.
This report discusses the data bases used in our analyses (including
^ data deficiencies and required assumptions), it describes the lake physically
• and. hydrologically. Water quality is discussed along with probable pollution
sources. The report contains appendices of the data, statistical summary
• tables/plots and time series plots. The report closes with a conclusion
_ section; however, it should be noted that this report is to be part of an
overall study report utilizing extensive data (both tributary wash off and
I lake) currently being collected. Some initial perceptions gleaned from
currently available data may change over the course of the study as new
| data are obtained.
Description of the Lake Quinsigamond Drainage Basin
^ Lake Quinsigamond Drainage Basin is a headwater basin of the Blackstone
I River, rising immediately to the east of that river's origin. The Quinsig-
amond River is the lake's outlet, and flows to its juncture with the Black-
• stone at Fisherville Pond in the town of Grafton, Massachusetts. The
I
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Blackstone River then carries the combined flows southeast into Rhode
Island and the Seekonk River, which is tidal and flows into the Providence
River and thence into Narragansett Bay.
I As depicted in Figure 1-1, Lake Quinsigamond is separated into two
distinct sections; the deep narrow northern basin and the shallow southern
basin known as Flint Pond. The total area of the lake is 772 acres com-
I prised of 475 acres in the northern basin and 297 acres in Flint Pond.
The Lake Quinsigamond Drainage Basin occupies a total area of about 25
^ square miles (16,000 acres). , The lake has a maximum depth of 92 feet
• and an average depth of 20.7 feet. The lake is approximately five miles
long, with the width varying from 250 feet to nearly a mile. The lake
| volume is estimated at 688 million cubic feet.
• The single outlet of the lake is located at Irish Dam with the out-
flow creating the Blackstone River. The major inlet to the lake is from
™ a series of ponds north of the main body of the lake. Approximately 16
fl small tributaries also feed the lake. These tributaries drain sub-basins
varying in size from less than one square mile to over 5 square miles.
I Figure 1—1 shows Lake Quinsigamond and its tributary system.
• Lake Quinsigamond is located in the heart of Worcester County, Mas-
sachusetts, between the city of Worcester and the Town of Shrewsbury.
I
The lake's drainage basin encompasses portions of Worcester, Shrewsbury,
Boylston, and West Boylston, plus corners of Grafton and Millbury.
Worcester and Shrewsbury, which occupy the majority of the Lake
Quinsigamond Basin, are the two most populous of the municipalities
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Figure 1-1. Lake Quinsigamond Drainage Basin
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I in the drainage basin. In terms of generalized economic and demographic
trends, Shrewsbury (located on the east shore of Lake Quinsigamond), is
• characterized as an area of moderate to high population growth and indus-
• trial/commercial expansion. Boylston and West Boylston are characterized
as areas of moderate to high population growth but slow industrial/commer-
• cial expansion. Worcester, Grafton and Millbury are characterized as areas
_ of slight decline or very slow population and industrial/commercial growth.
Lake Quinsigamond lies in a north-south direction and is crossed by
• three major highways: Interstate 1-90, Route 9 and U.S. Route 20. Being
• situated in a highly urban area, the lake supports multiple recreational
uses including fishing, boating, water-skiing and bathing. The entire
• periphery of the lake is densely settled with many private homes and some
commercial establishments. Two state parks, several private beaches and
• marinas are located along the shorefront. The central part of the drain-
I age basin in the vicinity of Route 9 is highly developed and much of the
land area is covered with buildings, roads, and parking lots. A large
| portion of the land area of one of the sub-basins has been stripped for
sand and gravel purposes. Considerable construction is occurring or is
planned in the basin as a whole.
' Lake Quinsigamond lies in an area known for its climatological extremes.
Severe weather of one form or another generally occurs in the area each
year. These forms include extreme hot or cold, heavy rain, snow or ice or
damaging thunderstorms. A tornado or hurricane is also experienced from
time to time. On the average, however, temperatures are moderate and
precipitation is quite evenly distributed throughout the year. The Worcester
I 1-6
I weather station reports a mean annual precipitation of 46.20 inches and
mean annual temperature of 47.0 degrees F. Figure 1-2 gives the mean
• monthly precipitation and Figure 1-3 gives the average minimum, mean and
• average maximum temperatures, all at the Worcester station.
• Average monthly temperatures are below freezing for approximately
three months of the year. As a result, it is possible for a significant
• snowpack to accumulate and substantially increase surface water flows and
the groundwater table during the spring melt. In addition, fluctuations
^ about the average frequently result in the thaw-freeze cycles common to
• this part of New England. These fluctuations, when accompanied by rain-
storms, often cause high- water runoff and elevated-groundwater levels.
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Figure 1-2. Mean Monthly Precipitation at Worcester Airport
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
1-8
E
M
A
T
U
R
E
80-J
70'-
60'-
50'-
40'
30'
20'
10
J F M A
___ MINIMUM
MAXIMUM
M N
Source: CMRPC, 1977
Figure 1-3. Monthly Temperatures at Worcester Airporl
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Data Base
I
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Data from two extensive water quality surveys conducted by the Massa-
• chusetts Water Commission's Division of Water Pollution Control during
• 1971 and 1979 provided the major part of the water quality base for
this report. Additional sources were provided by the Worcester and
I Shrewsbury Public Health Departments (coliform data) and the USGS and
State Weather Bureau which provided hydrologic and climatological data
™ respectively.
• The data consisting of physical, chemical and biological parameters
was tabulated and computer coded for easy use.
The computer format of the data followed that listed in Table 2-1
Each individual card was divided into nine categories. Columns 1-3
• specified the station in which the sample was collected. Columns 4-5,
6-7, 8-9, and 10-13 specified the year, month, day, and time of the
• sample. Columns 14-16 were reserved for the depth of the sample, and
• 17-19 and 20-30 described the 3 parameters by describing the parameter
code and the actual sample value, respectively. Column 31 contained
I a quality indicator referring the code "K" to "less than," "G" to
, "greater than," and "C" to "composite sample."
Sixteen tributary and fourteen lake stations were included in the
| Data Base. Station location and codes are shown in Figure 2-1. Three
• parameter codes were utilized to describe each sampling station. A
2-digi.t sequence code has also been attached to each station code to
I permit sorting in a south to north direction.
I
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Col. 1-3
4-5
6-7
8-9
10-13
14-16
17-19
20-30
31
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TABLE 2-1
COMPUTER CODING FORMAT
Station Codes
"Year
Month
Day
Time
Depth of Sample
Parameter Code
Sample Value
Sample Quality Code
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2-3
T10 POOR FARM BROOK
L12 10 LAKE QUINSIGAMOND
L05 40 LAKE QUINSIGAMOND
T09 COALMINE BROOK
Til NEWTON POND OUTLET
Main St. —
: 1-2 so —
L01 90 LAKE QUINSIGAMOND
T16 MEDICAL SCHOOL DRAIN
T19 BELMONT STREET DRAIN
T20 CHANNEL BELOW
BELMONT STREET DRAIN
T13 BILLINGS BROOK
L02 60 LAKE QUINSIGAMOND
T17 TILLY BROOK
-—___ L06 10 LAKE QUINSIGAMOND
L03 80 LAKE QUINSIGAMOND
T08 FITZGERALD BROOK
T21 BIRD STREET BROOK
F07 INLET FROM L.QUINS.
L04 50 LAKE QUINSIGAMOND
T22 BRIDDLE PATH STORM DRAIN
F05 5 FLINT POND
T15 O'HARA BROOK
T18 JORDAN POND OUTLET
T23 STONELAND BROOK
•FOl 15 FLINT POND -
H06 SOUTH MEADOW BROOK
F02 5 FLINT POND
F04 5 FLINT POND
F03 15 FLINT POND
H09 BONNIE BROOK
Figure 2-1
F08 IRISH DAM OUTLET
I
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The first parameter was alphabetic and denoted the station as
Lake Quinsigamond Tributary (T) , Flint Pond Tributary (H), Lake
Quinsigamond (L) , or Flint Pond(F) . The next two parameters were
I essentially for numeric idenfication.
I Forty-two water quality parameters were included in the data base.
A list of the parameters sampled, codes, and measurement scales are
I included as Appendix A.
I For purposes of analysis, the data were grouped into six parameter
— categories: nutrients, inorganics, algae, metals/ bacteria, and profile.
Table 2-2 indicates the subgroupings.
• Analysis of the data was carried out using the 'SAS' system
• (Statistical Analysis System Package) at the MIT computing center.
SAS Files were created for each parameter category permitting summaries
• with respect to parameters, stations, year, tributary/lake, and depth.
_ The resulting print-outs are included in Appendices B, C, D, and E.
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| TABLE 2-2
— PARAMETER GROUPS*
1
NUTRIENTS METALS PROFILES
I TLP ZNC TMP
0TP COP DOX
| TKN LED
NH MER BACTERIA
1 N°3 *** TCP
N
°2 ^ FCF
| SIL S°D FST
TUR IRN
• CLR MNG
SEC
1 ALGAECHL
I ZOPTLA
FLA
1 DIA
GMA
I BGA
AMM
1
1
*Codes identified in Appendix A '
1
1
1
1
INORGANICS
PHU
ALK
HDN
CND
S
°4
CLD
vss
SSL
TSL
BOD
I
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Section 3
Lake Morphometry
I The Lake Quinsigamond Drainage Basin is an area of strong topological
variation. Elevations generally increase to the north and west/ ranging
• from 355 feet at Flint Pond to well over 700 feet at steep hills that
• dot the upland divide on all sides of the Basin.
• Morphological characteristics of the lake are depicted on the bathy-
metric maps presented in Figures 3-1(a)/ (b) and (c) . Lake Quinsigamond
• proper slopes abruptly from the shoreline to depths of 40 to 90 feet.
Such depths are found over much of the lake. The maximum depth occurs
• below the inflow from Coal Mine Brook. Depths of 5 to 15 feet predominate
• in the much shallower Flint Pond. Figure 3-2 shows the relationship be-
tween surface area, volume and depth. The graphic shows the steep gradients
| in the deep part of the lake and the shallow slopes near the shorelines.
I Lake Quinsigamond can be considered morphometrically as two water
bodies: Lake Quinsigamond and Flint Pond (which in turn should be con-
I sidered as a north and south pond) . The lake is stratified and classified
• as mesotrophic (as per Massachusetts Lake Classification Program, DWPC,
1977). Detailed morphometric data are shown in Table 3-1.
Flint Pond north is unstratified and is classified as oligotrophic
• tending toward mesotrophic; Flint Pond south is also unstratified and is
classified as mesotrophic. Detailed morphometric data are shown in
• Tables 3-2 and 3-3, respectively.
I
I
Figure 3-1. Bathymetric Map of Lake Quinsigsmond
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Figure 3-1 (cont.). Bathymetric Map of Lake Quinsigamond
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TABLE 3-1
LAKE QUINSIGAMOND
MORPHOMETRIC DATA
Maximum Length
Maximum Effective Length
Maximum Width
Maximum Effective Width
Maximum Depth
Mean Depth
Mean Width
Area
Volume
Shoreline
Development of Shoreline
Development of Volume
Mean to Maximum Depth Ratio
Drainage Area
5 miles
2.27 miles
3,800 feet
3,800 feet
85 feet
33 feet
784 feet
475 acres
15,611 acre feet
56,000 feet (10.6 miles)
3."47
1.16
0.38
20-84 sq. miles
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TABLE 3-2
FLINT POND NORTH
MORPHOMETRIC DATA
Maximum Length
Maximum Effective Length
Maximum Width
Maximum Effective Width
Maximum Depth
Mean Depth
Mean Width
Area
Volume
Shoreline
Development of Shoreline
Development of Volume
Mean to Maximum Depth Ratio
Drainage Area
3,450 feet
2,300 feet
2,150 feet
1,350 feet
12 feet
9 feet (entire pond)
1,061 feet
84 acres
2,325 acre feet (entire pond)
12,000 feet (2.27 miles) "
1.77
1.80 (entire pond)
0.60 (entire pond)
2.38 sq. miles
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TABLE 3-3
FLINT POND SOUTH
MORPHOMETRIC DATA
Maximum Length
Maximum Effective Length
Maximum Width
Maximum Effective Width
Maximum Depth
Mean Depth
Mean Width
Area
Volume
Shoreline
Development of Shoreline
Development of Volume
Mean to Maximum Depth Ratio
Drainage Area
4,900 feet
3,200 feet
2,900 feet
2,900 feet
15 feet
9 feet (entire pond)
1,511 feet
170 acres
2,325 acre feet (entire pond)
25,000 feet (A.73 miles)
2.59
1.80 (entire pond)
0.60 (entire pond)
0.98 sq- miles
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Section 4
Lake Hydrology
• Lake Quinsigamond can be described as a pre-glacial valley, bordered
on the north, east and south by glacial outwash deposits, which are pri-
I marily comprised of sand and gravel. It is likely that the area was once
_ a glacial sluice extending from the area where Wachusett Reservoir now
lies, thus accounting for the large amounts of glacial outwash. The
I Nashua River Valley, whose southern extreme is occupied by the Wachusett
Drainage Area, was filled by a large glacial lake that spilled southward
| through the Worcester area and later drained when the.north-running
•j Nashua Valley became clear of ice. The Sewall Hill area northeast of the
lake is glacial till on top of bedrock. The area west of the lake on the
Worcester shore is predominantly bedrock.
• A permanent USGS stream gaging station, located one mile downstream
of the Irish Dam outlet of Lake Quinsigamond, provides a continuous flow
| record (digital water-stage recorder and rating curve) of the Quinsigamond
• River.
Monthly flow data from the USGS gauge on the Quinsigamond River
™ below the lake (station 01110000) have been compiled and analyzed for
fl water years 1968-79. This information provides a basis for assessing
possible impacts of hydrologic variations on water quality and will be
| used in future lake modelling efforts. Mean monthly flows are -tabulated
in Table 4-1 and displayed in Figure 4-1. A data summary by water year is
given in Figure 4-2. In Figure 4-3, the average hydraulic residence time
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TABLE 4-1
MEAN MONTHLY FLOWS (cfs)
USGG 01110000
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FIGURE 4-1: 11EAN MONTHLY FLOWS
(Hydrologic Water Year: October-September)
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I
is estimated by integrating backwards in the time series of mean monthly
flows until one lake volume (688 million cubic feet) is reached.
Seasonal flow variations generally cause residence times to vary between
I .4 and 1 year during any water year. Table 4-2 summarizes important hydro-
logic variables for dry, average, and wet years, based upon 12 water years
H of record. On the average, Lake Quinsigamond and Flint Pond have a
• residence time of .5 years and a surface overflow rate of 12.4 meters/year.
• Comparisons of hydrologic conditions during 1971 and 1979 provide a
partial basis for interpreting and comparing water quality data available
• for these years. Water year 1971 was relatively dry (30.3 cfs) compared
with 1979 (46.3 cfs). Perhaps of greater significance is the seasonal
B distribution of runoff in these two years. In 1971, the maximum monthly
• flow of 89.3 cfs occurred in March. In 1979, the maximum flow of 159 cfs
occurred during January, apparently as a result of a mid-winter thaw.
• This was the maximum monthly flow recorded in the 12-year period. These
_ differences may have had a major impact on water quality variations in
™ these water years. As discussed below, the lake stratified about a month
I earlier in 1979 compared with 1971. This may be attributed in part to
I
I
I
I
I
differences in the timing and magnitude of peak runoff, as well as to
other climatologic variables.
TABLE 4-2
LAKE QUINSIGAMOND HYDROLOGY SUMMARY
Water Year*
Variable
Discharge (cfs)
Hydraulic Mesidence Time (yr)
Surface Overflow Made (m/yr)
Dry
29.7
.73
8.5
Average
43.3
.50
12.4
Wet
57.0
.38
16.3
*Key: Based on minimum, mean, and maximum annual flow, water years 1968-1979.
Section 5
Vertical Mixing and Hypolimnetic Water Quality
Because of the importance of vertical stratification as a process
influencing hypolimnetic water quality and the recycling of nutrients
and metals in the lake, considerable emphasis has been placed on display
and interpretation of temperature and oxygen profile data from the four
stratified stations in Lake Quinsigamond {Station L01-L04). Flint Pond
is too shallow to stratify stably. Appendix D-l contains contour plots
which depict the development of stratification and anoxic conditions by
station and year. To compare stations. Appendix D-2 contains vertical
profiles of oxygen and temperature for 1979 sampling dates, using differ-
ent symbols for different stations. Appendix D-3 contains time series
plots of epilimnetic and hypolimnetic average oxygen and temperatures
by station and year. To develop these plots, an average thermocline
level of 20 feet has been assumed and measurements have been weighted
by the approximate lake surface area at sample depth before averaging
within the epilimnion and hypolimnion on each sampling data.
Comparison of 1971 and 1979 temperature data reveal an important
difference between the two years — in 1979 stratification began about
a month earlier. Figure 5-1 overlays time series plots of average epi-
limnion and hypolimnion temperatures at Station 601 for 1971 and 1979.
In late April of 1971 the lake was mixed vertically and surface- and
bottom-water temperatures were nearly equal. In late April of 1979,
however, average surface- and bottom-water temperatures differed by
V"
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Figure 5-1. Temperature Variation in 1971 and 1979
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Figure 5-2. Vertical Temperature Profiles in 1971 and 1979
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| nearly 5°C, and surface-water temperatures were 6-7° warmer than during
• the same season in 1971. Figure 5-2 overlays vertical temperature pro-
files for spring of 1971 and 1979. These differences in stratification
I are most likely related to climatologic and/or hydrologic factors,
including, the apparent thaw and high flows experienced in January of 1979.
I
The timing of stratification can influence changes in hypolimnetic
| water quality conditions over the stratified period. The warmer epi-
— limnetic temperatures in spring of 1979 may also have influenced the timing
and/or rate of algal productivity. As demonstrated in subsequent analysis,
• the earlier stratification in 1979 is correlated with earlier data of
hypolimnetic oxygen and nitrate depletion and with greater increases in
I hypolimnetic total P, Kjeldahl N, and iron during the stratified season.
• - Because of year-to-year differences in stratification, it is not possible
to attribute changes in bottom-water conditions between 1971 and 1979 to
I
I
I
I
changes in external pollutant loadings,
I Time series of oxygen variations in 1971 and 1979 at Station L01 are
overlayed in Figure 5-3, as derived from plots in Appendix E. Consistent
| with temperature data, the decline of hypolimnetic oxygen levels apparently
• began about a month earlier in 1979, as compared with 1971. Importantly,
the rates of hypoliinnetic oxygen depletion during spring and early summer
I are similar for the two years. Since the rate of oxygen depletion is one
indicator of primary productivity in the epilimnion (Hutchinson, 1957),
no difference in productivity between the two sampling years is indicated.
Similar conclusions are reached when data from other stations are examined,
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I The vertical profile overlays in Appendix D-2 provide a basis for
_ assessing differences across stations on a given sampling date. Data
™ from 1979 have been plotted because they are more intensive spatially
I ( 5-foot depth intervals) than the data from 1971 ( 20-foot depth in-
tervals) . The temperature profile overlays for the four sampling dates
| in 1979 reveal no significant differences across stations. The oxygen
•| profiles, however, do reveal station differences in hypolimnetic oxygen
levels which are most apparent on the June and July sampling dates.
I Generally, oxygen levels declined more rapidly at stations L04 and L03
than at stations L01 and L02. This most likely reflects the relative
• depths of these stations, since shallower stations have less oxygen
• supply per unit area at the onset of stratification. The relationships
among lake morphometry, oxygen depletion, and eutrophication are discussed
I in more detail below.
I Differences in hypolimnetic oxygen variations are further illus-
trated in Figure 5-4, which overlays time series of surface- and bottom-
I water oxygen levels for each station in 1979. Based upon these differ-
• ences &nd upon the lake-bottom contours (see -Figure 3-1), Lake Quinsigamond
has at least three separate hypolimnia:
• (1) north of route 9 (Stations L01 and L02)
. (2) south of route 9 & (Station LOS)
• north of Lake Park
I
I
I
I
south of Lake Park (Station L04)
and north of Flint
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Figure 5-4. Dissolved Oxygen Variations, 1979 by Station
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I
• These areas are physically isolated below the 20 foot depth contour.
I Table 5-1 summarizes morphometric and oxygen depletion rate data for each
station.
The greater volumetric oxygen depletion rates for stations L03 and
I L04 indicate that anoxic conditions tend to develop earlier at these
stations, compared with stations L01 and L02. The oxygen trophic state
• index is computed from areal oxygen depletion rate and mean depth
• according to the following (Walker, 1979} :
1 2I = 175 + 42 log AHOD - 223 log QZ + 100(log102)
where,
I - Oxygen trophic state index
2
AHOD = areal oxygen depletion rate (g/m -day)
| Z = mean depth (meters)
I
_ measurements of total phosphorus, chlorophyll-a, and transparency. It
* essentially adjusts the oxygen depletion rate measurement for the in-
I is a relative index of eutrophication which is correlated with surface
• fluence of lake morphometry. The relatively narrow range of I (47-50)
suggests that there is no significant difference in the average surface-
| . water productivity at these stations. Walker (1979) showed that I was
mm correlated with traditional trophic state classification schemes and
that no transition range between mesotrophic and eutrophic was between
• 45 and 50 index units. Thus, interpretation of oxygen data using the
I
I
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TABLE 5-1
SUMMARY OF MORPHOMETRIC AND OXYGEN DEPLETION DATA FOR
LAKE QUINSIGAMOND STATIONS - 1979
S t a t i o n
Maximum Depth
Mean Depth
Mean Hypolimnetic Depth
Volumetric Oxygen Depletion
Areal Oxygen Depletion
Days of Oxygen Supply at
Spring Turnover
Oxygen Trophic State Index*
* Walker (1979)
L01 L02
92
46
36
089
97
135
50
92
46
36
47
LOS
82
41
31
075 .10
84 .93
160 120
49
L04
52
20
12
.15
.58
80
50
I
H
•
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index system suggests that Lake Quinsigamond has a late mesotrophic/
early eutrophic status. Eutrophication is further discussed below with
respect to surface water quality measurements.
• Differences in hypolimnetic morphometry and oxygen levels are
• correlated with differences in water quality in Table 5-2. In 1979, the
'shallower basins at stations L03 and L04 had higher maximum levels of
I total P, Kjeldal Nitrogen, Ammonia nitrogen, silica, iron, and manganese,
_ The lower dilution volumes and oxygen levels characteristic of these
• Stations are more conducive to recycling of nutrients and metals sedi-
• mented from the surface waters and/or released from bottom sediments.
•
I
I
I
I
I
I
1
I
l
Differences in hypolimnetic water quality further confirm the isolation
of at least three stratified basins, as governed by lake morphometric
characteristics.
I
I
I
I
I
I
I
I
I
I
I
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TABLE 5-2
COMPARISONS OF HYPOLIMNETIC WATER QUALITY AT
FOUR STRATIFIED QUINSIGAMOND STATIONS IN 1979
S t a t i o n
Maximum Total P (mg/1)
Minimum NO -N (mg/1)
Maximum TKN (mg/1)
Maximum NH -N (mg/1)
Maximum Silica (mg/1)
Maximum Color (Pt-Co Units)
Maximum Iron (mg/1)
Maximum Manganese (mq/1)
L01
.17
0.
1.7
.27
8.5
300
7.0
3.0
L02
.08
.2
1.1
.48
6,4
25
.8
1.5
L03
.62
0.
2.1
1.9
10.0
300
7.7
3.9
L04
.73
0.
3.2
3.0
9.3
200
9.2
5.9
I
I
I
I
Section 6
Surface Water Quality Variations
Introduction
I To provide a basis for discussing spatial and temporal variations in
surface water quality, the data have been grouped by year (1971 or 1979)
H and lake (Quinsigamond or Flint Pond) and summarized in Tables 6-1 and 6-2.
• Many lake water quality variables vary significantly as a function of
season and depth. For this reason and because the monitoring programs
I used in 1971 and 1979 differ with respect to station locations, seasons
_ sampled, temporal frequencies, and depth intervals, a purely statistical
• comparison of data from different years is not totally adequate for assessing
I trends in water quality. Time series plots of median, surface water
concentration (less than 20 ft) and median, bottom water concentrations
| (greater than 20 ft) have been produced for each lake (Quinsigamond vs
• Flint Pond), sampling year (71 vs 79) , and key water quality variables.
These plots (Appendix E) provide bases for discussing vertical, seasonal,
• and year-to-year variations in water quality.
I Year-to-Year Variations
| _ An approximate assessment of year-to-year differences in surface
— water quality can be derived by comparing the 1971 data summary with the
1979 data summary for Flint Pond (Table 6-1) and Lake Quinsigamond (Table 6-2)
• As discussed above, these tests are approximate because of seasonal
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
CODE
CODE
TABLE 6-1
FLINT POND SURFACE - WATER DATA SUMMARY
1971
MEDIAN X25 X75 : MEAN STD
1979
MEDIAN X25 X75 MEAN STD
*X25 = 25th percentile, X75 = 75th percentile
STDERR
ALK
A MM
BOD
CHL
CLD
CLR
CND
DOX
FCF
HDN
NH3
N03
CTP
PHU
SOD
SSL
TCP
TKN
TLA
TLP
IMP
TUR
VSS
ZOP
40
23
1
1
35
11
26
40
29
7
13
36
1
40
3
33
34
12
24
33
38
15
1 1
23
20
1200
0
22
49
25
250
9
1
52
0
0
0
7
32
3
1
0
1 1 50
0
17
1
2
0
.00
.00
.80
.20
.00
.00
.00
.00
.00
.00
.02
.20
.06
.05
.00
.00
.00
.50
.00
.05
.78
.00
.80
.00
18
900
0
22
46
17
238
a
1
50
0
0
0
6
32
2
1
0
593
0
10
0
2
0
.000
.000
.800
.200
.000
.000
.750
.325
,000
.000
.010
.100
.060
.625
.000
.400
.000
.275
.750
.010
.417
.000
.300
.000
24
1400
0
22
52
25
260
10
2
54
0
0
0
7
42
10
30
0
1867
0
25
2
13
75
.00
.00
.80
-20
.00
.00
.00
.55
.00
.00
.04
.50
.06
.47
.00
.50
.00.
.67
.50
.06
.56
.00
.00
.00
21 .
1221 .
0.
22.
46.
22.
249.
9.
2.
52.
0.
0.
0.
7.
35.
6.
23.
0.
1319.
0.
17.
1 .
6.
43.
63
74
80
20
69
45
62
51
07
57
06
32
06
04
33
42
41
51
79
06
77
27
18
48
4.839
557.964
.
.
6.379
5.410
20.684
2-168
2.069
3.207
0.134
0.282
,
0.388
5.774
5.71 3
44.284
0.250
969.934
0.047
7.951
1.280
5.231
63.612
0.765
116.344
.
1 .078
1 .631
4.057
0.343
0.384
1 .212
0.037
0.047
0.061
3.333
0.994
7.595
0.072
197.987
0.008
1 .290
0.330
1 .577
13.264
STDERR
ALK
CLD
CLR
CND
DQX
FCF
FST
HDN
IRN
MNG
NH3
N03
PHU
SEC
SIL
S04
SSL
TCP
TKN
TLP
TMP
TSL
36
36
27
36
45
27
7
36
36
36
36
36
36
8
27
9
36
27
36
36
SO
36
22
46
25
230
8
10
5
48
0
0
0
0
7
7
1
14
4
60
0
0
22
157
.000
.000
.000
.000
.200
.000
.000
.000
.060
.050
.025
.100
.450
.750
.100
.000
.000
.000
.775
.040
.350
.000
20
42
20
200
7
5
5
44
0
0
0
0
7
5
0
1 3
2
30
0
0
15
148
.000
.250
.000
.000
.100
.000
.000
.000
.030
.020
.010
.000
.200
.875
.400
.500
.625
.000
.572
.020
.175
.500
22
48
25
250
8
15
10
49
0
. 0
0
0
7
8
2
15
5
ao
0
0
24
170
.750
.000
.000
.000
.550
.000
.000
.000
. 1 10
. 100
. 1 17
.200
.600
.375
.200
.000
.000
.000
.882
.067
.250
.000
22.
46.
22.
224.
7.
13.
6.
46.
0.
0.
0.
0.
7.
7.
1 .
14.
3.
94.
0.
0.
18.
159.
1 11
1 11
222
472
798
889
429
861
072
098
057
1 14
408
375
556
222
792
444
781
046
930
833
2.583
5.290
5.774
26.496
1 .262
13.821
2 .440
4.435
0.052
0.155
0.061
0.151
0.245
1.506
1 .568
0.833
1 .446
1 15.1 03
0.264
0.033
7.423
18.037
0.4305
0 .881 7
1 .1111
4 .4160
0. 1882
2.6599
0 .9221
0.7391
0.0086
0.0259
0.0101
0.0252
0.0409
• 0.5324
0.301 7
0.2778
0.2410
22. 1516
0.0441
0.0055
1 .0498
3.0062
LAKE QUINSIGAMOND SURFACE - WATER DATA SUMMARY
CODE
CODE
1971
MEDIAN X25 X75 MEAN STD
1979
MEDIAN X25 X75 MEAN STD
STDERR
ALK
A MM
BOD
CAL
CHL
OLD
CLR
CND
COP
DOX
FCF
HDN
IRN
LED
MAG
MER
NH3
N03
DTP
PHU
SOD
SSL
TCF
TKN
TLA
TLP
TMP
TUR
VSS
ZNC
ZDP
55
35
22
2
2
50
18
42
2
61
50
8
4
2
2
2
27
51
2
55
6
51
53
15
34
47
58
23
15
2
33
18
1000
1
15
4
46
22
225
0
9
4
48
0
0
2
0
. 0
0
0
6
29
4
28
0
1062
0
18
1
1
0
0
.00
.00
.00
.50
.51
.50
.50
.00
.01
.20
.00
.00
-02
.01
.35
.00
.01
.20
.01
.80
.do
.00
.00
.60
.50
.04
.33
.00
.80
.02
.00
17
800
0
15
3
41
19
185
0
8
1
48
0
0
2
0
0
0
0
6
22
2
6
0
356
0
10
0
1
0
0
.000
.000
.775'
- C O O
.600
.750
.250
.000
.007
.350
.000
.000
.010
.013
.300
.000
.000
. 100
.000
.500
. 125
.000
.000
.500
.250
.040
.417
.000
.000
.015
.000
20
1200
1
16
5
49
25
250
0
10
22
51
0
0
2
0
0
0
0
7
32
8
51
0
1855
0
23
1
3
0
50
.00
.00
.20
.00
.42
.00
.75
.00
.01
.20
.00
.00
.06
.02
.40
.00
. 10
.60
.02
.20
.25
.50
.00
.70
.00
.06
.33
.00
.30
.02
.50
18.
988.
1 .
15.
4.
42.
23.
213.
0.
9.
14.
48.
0.
0.
2.
0.
0.
0.
0.
6.
26.
6.
58.
0.
1 172.
0.
16.
0.
3.
0.
30.
91
57
01
SO
51
78
72
62
01
12
86
25
03
01
35
00
09
33
01
90
25
86
55
71
50
06
97
91
16
02
36
4 . S 5 8
287.506
0 .397
0.70?
1 .287
10.676
8,703
44.442
0.003
1 -937
27.528
4.062
0.029
0.003
0.071
0.000
0 .181
0.306
0.014
0.595
9.528
6.573
•105.975
0.615
859.826
0.055
6.940
0.668
4. 140
0.003
64.269 '
0,655
48.597
0.085
0.500
0.910
1.510
2.051
6.858
0.002
0.248
3.893
1 .436
0.014
0.002
0.050
0.000
0.035
0.043
0.010
0.080
3.890
0.920
14.557
0.159
147.459
0.008
0.911
0.139
1 .069
0.002
11 .188
STDERR
ALK
EGA
CHL
CLD
CLR
CND
DIA
DOX
FCF
FLA
FST
GRA
HDN
IRN
MNG
NH3
NQ3
PHU
SEC
S!L
SSL
TCP
TKN
TLA
TLP
36
16
16
36
36
34
16
68
27
16
9
15
36
36
36
36
36
36
16
36
36
32
33
16
33
CODE
TMP
TSL
20.00
700.70
4.77
44.50
15.00
220 .00
2044.90
9.05
10.00
1 57.30
5 - 0 0
1 14.40
43.00
0.07
0.02
0.01
0.20
7.30
7.00
1 .15
3. CO
75.00
0.77
5005.00
0.05
N MEDIAN
69 20
36 151
18.00
128 .70
4. 15
41 .00
10.00
200 .00
350.35
8.52
5.00
92.95
5.00
28.60
40 .25
0.02
0.00
0.01
0.02
7.10
6.13
0.32
1 .52
20.00
0.49
401 1 . 15
0.04
X25
19
140
21 .00
3238 .95
6. 12
49.75
20 .00
235 .00
7099.95
9 .87
50 .00
793 .65
10 .00
171 .60
47 .00
0 . 16
0 .05
0 .04
0.40
.7 .50
8 .00
2.50
4.38
215.00
0.89
8229.65
0 .07
X7S
22 .0
165.5
19. 92
1646. 30
5. 13
44. 69
16.94
218. 53
3272.91
9. 19
173. 52
448.66
7. 22
139. 19
43. 06
0. 15
0. 05
0 .03
0. 22
7. 31
7.25
1 . 49
3. 81
1430. 78
0. 74
5526.95
0.06
MEAN
19.949
152.61 1
2.16
1850.83
1 .43
10.47
7.30
34.67
3215.1 1
1.67
614.30
604.42
2 . 6 4
160.65
4 . 4 5
0 .20
0.09
0 .03
0.18
0.31
1 .43
1 .31
4.59
5828.49
0.28
2520.75
0.03
STD
4.1338
20.8933
0.36
462.71
0.36
1 .74
1 .22
5.95
803.78
0.20
118.22
151 . 1 1
0.88
41 .48
0.74
0.03
0.01
0.01
0.03
0.05
0.36
0.22
0.77
1030.34
0.05
630.19
0.01
STDERR
0.49765 -,
3 .48222
I
I
I
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influences on many of the water quality variables. Another factor to
consider is that the 1979 data summaries are derived from only four sampling
dates (vs roughly twelve for 1971). Thus, estimates of average conditions
I :=.re likely to be less reliable for 1979, particularly for water quality
components with high temporal variance (e.g., bacteria). Table 6-3 listsI
I
I
I
I
those water quality variables for which significant, or nearly-significant,
differences could be detected between the means 1971 and 1979 data in
each lake.
I
Increases in fecal coliforms, total coliforms, and pH were evident
I in both lakes. Changes in pH are most likely related to seasonal factors,
since the 1971 sampling schedule had more runs in early spring and late
• fall, when pH tends to be lower because of lower algal productivity.
• Both lakes had apparent decreases in suspended solids. Other changes
included an increase in TKN in Flint Pond, an increase in iron in Lake
I Quinsigamond, and a decrease in color in Lake Quinsigamond.
I While the increase in TKN may be indicative of increased eutrophi-
cation in Flint Pond, none of the other nutrient data support this.
I Perhaps the most important changes from a water use standpoint are the
• increases in fecal coliforms in both lakes. A more detailed look at the
data summaries by station in Appendix C-l indicates that median fecal
coliforms increased between 1971 and 1979 at each of the seven stations
which were sampled during both years. Note, however, that the 1979
* data are based upon only three to four sampling dates per station and
measurements could easily be influenced by timing relative to storm
1
• TABLE 6-3
SUMMARY OF TESTS FOR DIFFERENCES BETWEEN 1971 AND 1979
• SURFACE WATER QUALITY DATA
1
| Variable
•
Fecal coliforms
• Total coliforms
• pH
1 Suspend solidsTotal
Kjeldahl N
1
1 Fecal coliforms
Total coliforms
• Color
• pH
•
Suspended solids
Iron
1971
roed- std.
n ian mean error
-._ — — — — — — — — T?l T— — , rJ.1
29 1.0 2.1 .38
34 1.0 23.4 7.6
40 7.05 7.04 .061
33 3.0 6.42 .99
12 .50 -51 .072
— — — — — — — — Lake Q u i
50 4.0 14.9 3.89
53 28. 58.6' 14.6
18 22.5 23.8 2.05
55 6.8 6.9 .08
51 4.0 6.4 .92
4 .02 .03 .014
1979
med- std.
n ian mean error
n t Pond — — — — — — — — — —
27 10. 13.9 2.7
27 60. 94. 22.
36 7.45 7.41 .041
36 4.0 3.79 .24
36 .78 .78 .044
nsaginond — — — — — — — — —
27 10. 174. 118.
32 75. 1431. 1030.
36 15. 16.9 1.22
36 7.3 7.3 .05
36 3.0 3.8 .78
36 .07 .15 .03
t
4.3
3.0
5.0
-2.6
3.2
1.4
+1.3
-2.9
4.2
-2.5
3.6
Percent
Increase*
(1971+1979)
median mean
164 148
193 120
6 5
29 -52
44 42
86 168
91 187
-40 -34
7 6
-29 -58
111 133
I ^^ ^^ ^^ ^^ ^^ _^ ^^ ^^ ^^ ^^ _____-
*estimated as [(79-71) 2/( 79+71)] x 100%1
1
1
1
1
1
I
I
I
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events. Time series plots in Appendix E confirm the high temporal
variability of fecal coliforms in both lakes. An analysis of these
variations in relation to precipitation records would be required in
• order to permit additional intepretations. This analysis will be
included in a future report.I
I Lake-to-Lake Variations
Spatial variations in surface water quality can be assessed byI
comparing the data summaries for Flint Pond with the data summary for
• Lake Quinsigamond in each year. Table 6-4 lists those water quality
components for which significant differences could be detected between
• the means of Flint Pond and Lake Quinsigamond data in each sampling
• year.
• Levels of alkalinity (1971 and 1979), conductivity (1971) and hard-
ness (1971) were roughly 10 percent higher in Flint Pond, probably owing
• to inputs of dissolved solids from the Flint Pond watershed and/or to
evapo^concentration. During both years. Lake Quinsigamond had higher
• levels of total and fecal coliforms, although the differences were not
• statistically significant in 1979. This may reflect the direct discharge
of urban storm water drainage into Lake Quinsigamond. The time scale of
I horizontal mixing processes in the lake system is likely to be appreciable
_ relative to the time scale of coliform bacteria die-off. Thus, localized
m
 variations in coliforms are feasible, even among stations within a given
I lake, particularly when the lake is sampled during or immediately
following storm events.
I
I
1
• - - - • TABLE 6-4
• SUMMARY OF TESTS FOR DIFFERENCES BETWEEN
• LAKE QUINSIGAWOND AND FLINT POND SURFACE WATER QUALITY
1
1
-^ _«-^ — — ~
1 Alkalinity
Conductivity
• Hardness
™ Fecal coliforms
• Total coliforms
I
Flint Pond
med- std.
n ian mean error
40 20 21.6 .77
26 250 250 4.06
7 52 53 1-21
29 1.0 2.1 .38
34 1. 23.4 7.6
Lake Quins igamond
med- std .
n ian mean error
55 18. 18.9 .66
42 225. 214. 6.86
8 48. 48. 1.44
50 4. 15. 3.9
53 28. 106. 15.
t
2.7
4.6
2.3
-3.3
-5.0
Percent
Difference*
median mean
11 13
11 16
8 10
-120 -151
-186 -128
1 _ — — — - _ _ _ _ _ ... in -in .
Alkalinity
| Color
Fecal coliforms
• Total coliforms
Ammonia-M •
1 NO.-N
Total P
1 -
36 22 22 .43
27 25 22.2 1.1
27 10 14 2.7
27 60 94 22
36 .025 .057 .010
36 .10 .114 .025
36 .04 .046 .006
.L:?
 /:7 — — — — — — — — — — — —
36 20. 20. -36
36 15. 16.9 1.2
27 10. 174. 118.
32 75 1431 1030
36 .01 .028 .005
36 .20 .22 .03
33 .05 .062 .006
3.9
3.2
-1.4
-1.3
2.6
-2.7
-2.0
10 10
50 27
0 -170
-22 -175
86 68
-67 -63
-22 -30
.
• *estimated as [(F-Q) 2/(F+Q)] x 100%
I
I
I
I
•
•
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The 1979 data also indicated higher levels of ammonia N and lower
levels of nitrate N and total P in Flint Pond compared with Lake
Quinsigamond. Shifts in the nitrogen species suggests that conditions in
I Flint Pond are more reduced, possibly owing to algal uptake of nitrate and
ammonia release from sedimented algae in the unstratified Flint Pond
™ environment. The extensive aquatic weed population in Flint Pond
I probably influences the nitrogen cycle similarly and enhances the removal
of phosphorus via metabolic uptake and/or sedimentation of particulate
| phosphorus in the quiescent waters created by the weeds. Differences
• in morphometry and nutrient levels suggest that a spatially segmented
model should be used to study the nutrient loading responses of the lakes.
I
Seasonal Variations
Time series plots of median surface- and bottom-water concentrations
by lake and year (Appendix E) provide bases for further discussion of
seasonal and year-to-year variations in water quality. Nutrient variationsM
are in many ways consistent with the oxygen and temperature variations
• discussed above. TKN, NH -N, silica, total phosphorus, iron and man-
ganese all tend to concentrate in hypolimnetic waters, particularly in
I 1979, when the lake stratification and ancxic conditions developed
• - earlier than in 1971. In contrast, nitrate shows less vertical strati-
fication in 1979 than in 1971. This is consistent with higher deni-
I trification rates in 1979, as induced by earlier oxygen depletion.
I
l
l
I
I
I
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I
Epilimnetic variations in NO -N and NH -N in Lake Quinsigamond
suggest that available nitrogen supplies may have become depleted on
at least one sampling date (July) in 1979, but remained above .1 mg/1 in
I 1971. While dissolved or ortho-phosphorus measurements are also required
_ for a reliable assessment ot limiting factors, nitrogen limitation may
™ have influenced algal population in 1979. The total N to total P ratio
• generally remained greater than ten, which indicates that phosphorus
is more likely to be limiting on the average. Epilimnetic silica
| variation in both lakes indicate a depletion in June, which is consis-
tent with the spring diatom growth and sedimentation typical of northern
temperate lakes.
• Seasonal variations in algal population observed in 1979 are con-
I sistent with the nutrient variations discussed above. Figure 6-1 displays
the average numbers of diatoms, greens, flagellates and blue-greens on
| each of four sampling dates. The April and June populations consisted
M largely of diatoms and the July and August populations were mostly blue-
greens. This shift correlates with silica and available nitrogen
I depletion in Lake Quinsigamond surface waters, although silica and
temperature are probably most important as regulating factors. Note
• that while the total algal count decreased over the four sampling dates,
• - total algal biomass are probably less dramatic because blue-green cells
tend to be larger. Algal counts should be reported in Areal Standard
I Units to permit more detailed interpretation.
I
I
I
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ISection 7
I
I
• Discussion of Key Water Quality Issues and Objectives
• Eutrophication and Dissolved Oxygen
• Eutrophication impacts many aspects of lake water quality and poten- .
_ tial uses. Water quality measurements made in 1979 have been interpre-
ted using Walker's (1979) trophic state index system, which provides a
• means of assessing trophic status and relationships among various measures
of eutrophication. The four versions of the index system, based upon
| total phosphorus, chlorophyll-a, transparency-, and hypolimnetic oxygen
• depletion rate, respectively, are calibrated to be equivalent, on the
average, when applied to growing season data from northern natural lakes.
I The scale of the -index system is arbitrarily defined so that most lakes
will lie between 0 and 100 and a doubling in chlorophyll-a corresponds
to an increase of 10 index units. Results of trophic state index calcu-
latioris are summarized in Table 7-1 and displayed in Figure 2-1,
The standard error of the index system is on the order of 6 units.
Figure 7-1 shows that the chlorophyll-a, transparency, and oxygen deficit
• indices for Lake Quinsigamond are in reasonable agreement with each other
and suggest a lake mesotrophic/early eutrophic status. The median
I - phosphorus index is roughly 17 index units above the average of the
• other indices, however. This suggests that the relationship between total
phosphorus and algal productivity in Lake Quinsigamond is somehow different
• from the relationship typical of other northern lakes.
I
I
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TABLE 7-1
SUMMARY OF TROPHIC STATE INDEX CALCULATIONS
BASED UPON 1979 DATA
Measurement
low median high
Trophic State Index
low median high
Total P (mg/1)
Chlorophyll-a
(mg/m3)
Secchi (ft)
Oxygen Depletion
- - - - - - Lake Quinsigamond
.04 .05 .07 58
4.2 4.8 6.1 41
6.1 7.0 8.0
(see Table 5-1}
49
47
63
43
53
49
Total P (mg/1)
Secchi (ft)
69
46
57
50
_ _ _ _ _ _ _ Flint Pond - - - - - - - - -
.02 ,04 .067 44 58 69
5.9 7.8 8.4 48 50 58
b - low = 25th percentile, high - 75th percentile
a - Walker (1979)
I = -15.6 + 46.1 log P, mg/m
I = 20.0 + 33.2 log.-Chl-a, mg/m
o J.U
IT = 75.3 + 44.8 - a] , m; a = .15m
"
1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Figure 7-1. Trophic State Index Distributions
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I
I One explanation for this variation is that productivity in the lake
M may be partially nitrogen limited. As discussed previously, the median
available nitrogen (NH., - N + NO - N) level fell to .01 mg/liter on the
• July sampling date in 1979. Dissolved phosphorus data are needed to
assess whether phosphorus supplies were also nearly exhausted. The total
• N to total P ratio generally remained above 10 in the epilimnion, which
• suggests that phosphorus is more likely to be limiting, since algal
biomass has a typical N/P ratio of about 7.
Total phosphorus measurements were highly variable in both lakes.
• The relatively high phosphorus values may be attributed to short-term
increases following storm events. Such increases would tend to be asso-
• ciated. mostly with the particulate fraction, which would have little
• immediate impact on algal growth. Some evidence for the impact of storm
events on the 1979 Lake Quinsigamond data is derived from the time series
• plots in Appendix which indicate relatively high epilimnetic concen-
trations of total coliforms, fecal coliforms/ total phosphorus, and sus-
^ pended solids on the June 4 sampling data, compared with the other three
• dates sampled in 1979. Since each of the above are expected to be sig-
nificant in urban stormwater runoff, lake conditions may have been
• influenced by a storm event on or before the June 4 sampling date. In
_ ' future work, climatologic data will be examined to test this hypothesis.
The total phosphorus measurements derived from the 1971 and 1979
• monitoring programs are generally in a much higher range than measurements
• made by other monitoring programs in 1976 and 1977 (Chesebrough and
Screpetis, 1978, Central Mass. Regional Planning Commission, 1976).
I
I
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I
' The latter programs are much less intensive temporally and spatially than
fl the 1971 and 2979 programs and for that reason, have not been analyzed in
detail. Based upon seven epilimnetic samples from these programs, median
| total phosphorus was '.02 mg/liter (range .01 -.03 mg/liter), as compared
. with the median value of .05 mg/1 for Lake Quinsigamond in 1971 and 1979.
The .02 mg/liter value corresponds to a phosphorus trophic state index of
I 44, in good agreement with the other indices in Figure 7-1.
I " The possibility of a bias in the total phosphorus data due to sampling
or analytical procedures should not be overlooked. Acid washing of sample
| collection bottles is necessary to avoid contamination. Total phosphorus
— - values have been reported to the nearest hundredth of a milligram per liter
(e.g., .04, .05, .06 mg/lter) . In the range of lake values this provides
I only one significant digit and, at a median of .05 mg/liter, implies
an accuracy of ±.01 mg/liter or ±20%. While the accuracy may be adequate
• for studying water bodies or discharges with higher concentration ranges,
• it is not adequate for most lakes, especially for mesotrophic lakes in which
the difference between .01 and .02 mg/liter is highly significant, but the
I analytical accuracy is ±50% if results are reported to the nearest .01
mg/liter. Sampling procedures for total phosphorus should be reviewed
• and the possibility of improving analytical accuracy investigated. The
• " methods described by Strickland and Parsons (1968) should provide improved
accuracy to lake samples.
Hypolimnetic oxygen status is another important characteristic which
• is linked with eutrophication. As demonstrated previously, Lake Quinsigamond
I
I
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has at least three separate hypolimnia, with different oxygen response
characteristics attributed to differences in morphemetry. Generally,
the relatively shallow southern basins are more susceptible to oxygen
deficiency than is the deep northern basin (above route 9}. Since the
oxygen depletion rates measured in these basins are consistent with the
surface chlorophyll-a and transparency measurements, the impact of external
loadings of oxygen-demanding materials in urban runoff on hypolimnetic
oxygen levels is likely to be small relative to the impact of internal
loadings, generated as a result of algal productivity. This suggests
that nutrient loadings are of more importance in regulating hyp.olimnetic
oxygen supplies than are BOD loadings. Direct quantitative comparisons
will be possible when source monitoring data are available.
One rational management objective for.Lake Quinsigamond would be to
improve hypolimnetic oxygen status by controlling nutrient loadings.
Oxygen depletion rates measured in 1979 indicate that, the three basins
averaged 147, 120, and 80 days of oxygen supply at spring turnover,
respectively. A management objective would be to increase these supplies
to equal or exceed the length of the stratified period (roughly 200 days).
Using the tropic index system, reductions of 29%, 42%, and 65% in surface
phosphorus levels would be required to provide 200 days of oxygen supply
in each of the basins, respectively. This could be achieved through
corresponding percentage reductions in available phosphorus loadings,
achieved through urban runoff controls. Water quality benefits would
include improved fisheries, reduced potential for internal cycling of
nutrients and metals, improved transparency, and reduced potential for
blue-green algal growth.
I 7-7
m Through nutrient loading controls, Flint Pond might also be expected
_ to experience an increase in transparency and a decrease in algal growth.
Aquatic weeds are more significant in Flint Pond, however, and are not
I expected to respond directly to reductions in external nutrient loadings
because of the large reservoir of accessible nutrients in the bottom
I
I
sediments. In-lake measures, such as dredging or harvesting, would be more
successful at controlling aquatic weed densities and their impact on
beneficial use.
I
Metals
Hypolimnetic oxygen levels partially regulate the internal cycling of
I nutrients and metals in the lake system. Generally, both nutrients and
• . metals are more soluble and thus more mobile under anerobicconditions. The
accumulation of nutrients, iron, and manganese in Lake Quinsigamond bottom
I waters has been shown to be more severe in areas w\th shallower hypolimnia
and more severe oxygen deficiency. Unfortunately, no data on hypolimnetic
• accumulation of heavy metals with potentially toxic effects (mercury, lead,
• cadmium, copper, etc.) are available. Sediment cores taken in 1971 in-
dicate substantial vertical gradients in sediment heavy metal content.
Given these gradients,,, the potentials for metal cycling and accumu-
I lation in the lake and in its food chain, the. intensity of recreational
fishing, and the potential for significant metals loadings in urban
I
I
I
runoff, a greater emphasis on heavy metals analysis in the water
column, sediments, and biota is indicated for future monitoring efforts.
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I
Bacteria
I
I
™ The state water quality standards for Class B specify that fecal
• coliform bacteria should not exceed a log mean of 200 per 100 milliters,
nor should more than 10% of the samples exceed 400 per 100 millilters
| during any monthly sampling period. The spatial and temporal analysis
M described in previous sections revealed increases in fecal coliform
levels between 1971 and 1979 in both Flint Pond and Lake Quinsigamond
I and showed that counts were higher in Lake Quinsigamond than in Flint
Pond during both years. Table 7-2 presents the log-means and standard
• errors of fecal coliform counts taken at lake stations in 1979. As
• discussed previously, these data are limited by the number of sampling
rounds (3-4 per station), which are not adequate for assessing the temporal
variability of coliform counts on either lake.
• Statistical comparisons of the stations in Flint Pond reveal no
significant differences in the mean values. The geometric mean of all
I Flint Pond measurements was 9.8 counts/100 ml, about 20 times below the
• state Class B standards.
_ Lake Quinsigamond stations fall roughly into three groups with
respect to mean fecal coliform counts:
L06 & L12 : 66-78 counts/100 ml
L01 & LOS : 20-22 counts/100 ml
others : < 12 counts/100 ml
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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TABLE 7-2
FECAL COLIFORM DATA SUMMARY - 1979
Base 10 Logarithm
Station
F08
F04
F03
F05
F02
F01
F07
Flint
L14
L04
L03
L06
L02
L01
LOS
L12
Quins.
n
4
3
3
3
4
4
4
27
4
3
3
3
3
3
3
5
27
Mean
.77
1.00
1.07
1.00
.97
1.02
1.09
.99
1.04
.80
1.03
1.89
.96
1.34
1.31
1.82
1.31
Standard
Error
.08
.17
.24
.21
.18
.24
.16
.07
.20
.10
.33
.16
.14
.65
.62
.49
.15
Geometric*
Mean
6
10
12
10
10
10
12
10
11
6
11
78
9
22
20
66
20
*State Standard = 200 for Class B waters; Units = counts/100 milliliters
I
I
I
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These grouos presumably reflect.proximity of the stations to
significant fecal coliform sources, such as the Belmont Street Drain
(near L06) . The geometric mean of all Lake Quinsigamond data was
I 20 counts/100 ml, or 10 times below the state Class B standard.
• Based upon the limited 1979 data, fecal coliforms in Lake Quinsiga-
mond and Flint Pond average well below the State Class B standard.
B A more intensive and extensive monitoring progam might reveal, however,
• violations of the standard at certain locations, particularly in Lake
Quinsigamond. Analysis of data from the more intensive 1980 monitoring
• program will provide additional insights into bacteriologic aspects of
_ water quality.
I
I
I
I
I
I
I
I
I
I
I
I
I
Section 8
Pollution Sources
This section analyzes the loadings associated with the tributaries
feeding into Lake Quinsigamond. The primary data base for this task•
consisted of the water quality samples taken at various feeder streams
• during 1971 and 1979 (see Appendix C-3) , and tributary flow data for
3 days during the 1971 period (see Table 8-1) .
In view of the unavailability of 79 flow data, and to insure some
2 degree of intra-ye&r comparability, relative instead of absolute loadings
• were used in this analysis. The calculation of relative loadings
consisted of multiplying the particular pollutant concentration by a
• weighting factor. This factor was obtained for each tributary by taking
the median of the three rates of that tributary's flow to the accumulated
• flow for each period (see Tables 8-2 and 8-3). The weight was assumed to
• hold for both the 71 and 79 periods.
• There are sixteen tributaries and drains feeding into Lake Quinsiga-
mond (see Figure 8-1). Their drainage basins range in size from 1 to
1 2 25 mi and encompass an area of approximately 25 mi . Accompanying each
of the tributaries and drains is a water quality sampling station. Their
• , location and station codes are given in Table 8-4. The flow data in
• Table 8-1 and the relative weights in Table 8-3 indicate that the six major
tributaries, Tilly Brook (T 17), Newton Pond Outlet (T 11), Bonnie
• Brook {H 09) , South Meadow Brook (H 06) , Poor Farm Brook (T 10) , and
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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TABLE 8-1
1971 TRIBUTARY FLOW DATA (CFSj
Tilly Brook
Newton Pond
Bonnie Brook
Meadow Brook
Poor Farm Brook
Coal Mine Brook
Fitzgerald Brook
Billing Brook
O'Hara Brook
Jordan Pond
Others**
Total
Tributary Flow
Flow @ lake outlet
@ Irish Dam
Station
T17
Til
H09
H06
T10
T09
T08
T13
T15
T18
T21, T22,
T23, T16
4/26
7.6
7.2
5.5
1.5
3.8
1.4
0.5
0.6
1.00
0.30
0.50
6/30 12/17
1.5 8.3
1.5 8.5
4.2 5.6
1.0 6.2
1.5 3.7
* 4.4
* 2.1
* *
* *
* *
0,25 0.75
30.4
38.0
9.9
9.0
39.6
47.2
* no flow or negligible
** others include Bridle Path Storm Drain, Bird Street Brook, Stoneland
Brook, and Medical School Storm Drain
I
i
I
I
i
i
I
I
I
I
I
I
I
I
I
I
I
I
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TABLE 8-2
RELATIVE WEIGHTS
4/26/71 6/30/71 12/17/71 Median
Tilly Brook 25 15 21 21
Newton Pond 24 15 21 21
Bonnie Brook 18 42 14 18
Meadow Brook 5 10 16 10
Poor Farm Brook 13 15 9 13
Coal Mine Brook 5 * 11 5
Fitzgerald Brook 2 * 5 2
Billing Brook 2 * * *
O'Hara Brook 3 * * *
Jordan Pond outlet 1 * * *
Others 2 0.25 0.75 0.75
* no flow or negligible
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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TABLE 8-3
ADJUSTED WEIGHING FACTORS
Station
* H09
* H06
T15
T22
T18
TO 8
T21
T23
T20
T19
* T17
T16
T13
* T09
* T10
* Til
Median
Weight
(flow%)
18.0
10.0
3.5
0.75
1.0
2.0
0.75
0.75
0.50
C.50
21.0
0.50
2.5
5.0
13.0
21.0
Bonnie Brook
South Meadow Brook
O'Hara Brook
Bridle Path Storm Drain
Jordan Pond Outlet
Fitzgerald Brook
Bird Street Brook
Stoneland Brook
Channel Below Belmont St. Dr.
Belmont St. Drain
Tilly Brook
Medical School Drain
Billings Brook
Coalmine Brook
Poor Farm Brook
Newton Pond Outlet
100.0
*Key: Six Tributaries contribute 88% of flow.
I
I
I
I
I
I
I Appendix C-2
Data Summary by Parameter
I - Lake Bottom Samples*
I
I
I
I
*Depth >_ 20 feet
I
I
I
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T10 POOR FARM BROOK
L12 10' LAKE QUINSIGAMOND
LOS 40 LAKE QUINSIGAMOND
T09 COALMINE BROOK-
Til NEWTON POND OUTLET
•- Main S|.
1-290
L01 90 LAKE QUINSIGAMOND
T16 MEDICAL SCHOOL DRAIN
T19 BELMONT STREET DRAIN
T20 CHANNEL BELOW
BELMONT STREET DRAIN
T13 BILLINGS BROOK
L02 60 LAKE QUINSIGAMOND
T17 TILLY BROOK
-—_^- L06 10 LAKE QUINSIGAMOND
L03 80 LAKE QUINSIGAMOND
T08 FITZGERALD BROOK
T21 BIRD STREET- BROOK
F07 INLET FROM L.QUINS.
L04 50 LAKE QUINSIGAMOND
T22 BRIDDLE PATH STORM DRAIN
F05 5 FLINT POND
T15 O'HARA BROOK
T18 JORDAN POND OUTLET
T23 STONELAND BROOK
F01 15 FLINT POND
H06 SOUTH MEADOW BROOK
F02 5 FLINT POND
F04 5 FLINT POND
F03 15 FLINT POND
H09 BONNIE BROOK
F08 IRISH DAM OUTLET
Figure 8-1. Location of Lake Quinsigamond and Tributary Sampling Stations.
TABLE 8-4
STATION CODES
Data Base
F08
F04
F03
F05
F02
F01
L14
F07
L04
LOS
LOG
L02
L01
LOS
L12
H09
1979
F08
F04
F03
F05
F02
F01
Q14
F07
Q04
Q03
Q06
Q02
Q01
COS
Q12
F09
1971 Sorting
LQ8 AA
AB
LQ7 AC
AD
AE
LQ6 AF
AG
AG
LQ5 AH
LQ4 AI
AJ
AK
LQ2 AL
AM
LQ1 AN
TQ9 BC
5 Irish Dam Outlet
5 Pond, 1500' West Irish Dam
15 Pond, 2000' So. Rt. 20
5 Pond, @ Rt. 20 Bridge
5 Pond, 1500' No. Rt. 20
15 Pond, 800' So. Inlet
Outlet to Flint Pond (Same as F07)
Inlet from Lake Quinsigamond
50 Lake, 1000' No. Bridle Path Stm. Dr.
80 Lake, 300' So. Rt. 9
10 Lake @ Rt. 9 Bridge
60 Lake 300' No. Rt. 9
90 Lake, 600' S. 1-290
40 Lake, @ 1-290 Bridge
10 Lake, @ Lincoln St.
Bonnie Brook
CO
I
en
TABLE 8-4 (continued)
Data Base 1979 1971 Sorting
H06
T15
T22
T18
T08
T21
T23
T20
T19
T17
T16
T13
T09
T10
Til
F06
Q15
Q22
Q18
Q08
Q21
Q23
Q20
Q19
Q17
Q16 -
Q13
Q09
Q10
Qll
- TQ10
TQ8
T0.7
TQ12
TQ5
TQ6
TQll
TQ4
TQ13
TQ3
TQ14
TQ2
TQ1
TQ15
CF
EH
FH
GI
HI
II
JI
KJ
KK
LK
ML
NL
OM
PO
QO
South Meadow Brook
O'Hara Brook
Bridle Path Storm Drain
Jordan Pond Outlet
Fitzgerald Brook
Bird Street Brook
Stone land Brook
Channel Below Belmont St. Dr.
Belmont Street Drain
Tilly Brook
Medical School Drain
Billings Brook
Coalmine Brook
Poor Farm Brook
Newton Pond Outlet
00
I
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• Coal Mine Brook (T 09), contribute approximately 90% of the total flow.
• The loading data of Tables 8-5 through 8-8, and the overall loading ranks
in Table 8-9 suggest that this dominance is carried over into the water
| quality.
Quality of Feeder Streams
H09, Bonnie Brook originates in Milburn and discharges into Flint
• Pond in Grafton. It contributes approximately 18% of total tributary
flow, second only to the Newton Pond and Tilly Brook flows (21%). In
| terms of water quality, this brook is a major source of pollutants. Its
• input resulted in 25% of the phosphorus, 84% of the nitrate, 31% of the
suspended solids, and 25% of the chloride loads in 1971 (no data available
• in 79). Reference to Table 8-9 indicates that it ranks as the highest
contributor of total phosphorus, NO3, suspended solids and chlorides,
I and ranks 3rd in BOD and NH contribution.
| Table 8-10 suggests that this brook also ranks very highly with
respect to pollutant concentrations. In particular, it had the highestI
• total phosphorus and ammonia.
concentrations of NO , and chloride, and ranked the second highest of
H " Apart from the eutrophication problem, however, there is little
evidence of dissolved oxygen (minimum 7.5 mg/1) or bacterial problems.
I
I
I
I
TABLE 8-5
TRIBUTARY LOADINGS
Percent of Tributary Loadings*
Suspended Solids Fecal Coliform
Tributary
Bonnie Brook
South Meadow Brook
O';Hara Brook
Bridle Path Storm Drain
Jordan Pond Outlet
Fitzgerald Brook
Bird Street Brook
Stoneland Brook
Channel Below Belmont St. Dr.
Belmont Street Drain
Tilly Brook
Medical School Drain
Billings Brook
Coalmine Brook
Poor Farm Brook
Newton Pond Outlet
overall
31 ± 9 +
7 ± 3
1 ± 0.3
4 ± 4
NEGL
1 ± 0.3
NEGL
1 ± 1
*
*
15 ± 5
6 ± 4
2 ± 1
5 ± 2
21 ± 10
6 ± 2
1979
*
7 ± 3
1 ± 0.4
it
*
1 ± 0.4
*
*
*
*
51 ±
NEGL
3 ± 1
4 ± 2
18 ± 16
14 ± 8
1971
30 ± 8
9 ± 5
2 ± 1
4 ± 4
NEGL
1 ± 0.3
NEGL
1 + 1
*
*
12 ± 5
7 ± 5
2 + 1
6 + 3
23 ± 12
4 ± 1
overall
3 ± 1
8 ± 4
4 ± 1
1 ± 1
NEGL
13 ± 6
1 ± 0.3
NEGL
*
*
44 ± 18
1 ± 0.3
NEGL
11 ± 3
11 ± 7
2 ± 1
1979
*
21 ± 13
4 ± 3
*
A
6 ± 5
*
*
*
*
2 ± 1
1 ± 0.3
1 ± 0.4
23 ± 5
41 ± 40
3 ± 1
1971
3 + 1
3 ± 1
5 ± 1
2 + 1
NEGL
17 ± 10
1 ± 0.4
NEGL
A
A
53 ± 22
1 ± 1
NEGL
8 ± 3
5 ± 2
2 ± 1
CO
I
*Key: * = No Data, NEGL = Negligible, + = Median, ± ="T^andard Deviation
TABLE 8-6
TRIBUTARY LOADINGS
Percent of Tributary Loadings*
Total Kjeldahl Nitrogen Nitrate Nitrogen
Tributary
Bonnie Brook
South Meadow Brook
O'Hara Brook
Bridle Path Storm Drain
Jordan Pond Outlet
Fitzgerald Brook
Bird Street Brook
Stone land Brook
Channel Below Belmont St. Dr.
Belmont Street Drain
Tilly Brook
Medical School Drain
Billings Brook
Coalmine Brook
Poor Farm Brook
Newton Pond Outlet
overall
*
15 ± 5 +
2 ± 0.4
*
*
2 ± 0.1
*
*
*
*
43 ± 19
NEGL
1 ± 0.3
4 ± 1
16 ± 2
16 ± 2
1979
*'
13 + 3
3 ± 0.5
*
*
3 ± 0.3
*
*
*
*
32 ± «>
NEGL
3 ± 0.5
6 ± 2
16 ± 6
23 + 3
1971
*
25 ± «>
*
*
*
1 + CO
*
*
*
*
NEGL
1 ± °°
1 ± 0.3
14 ± 2
10 ± «
overall
84 ± 52
3 ± 0.3
1 ± 0.3
NEGL
NEGL
1 ± 0.1
NEGL
NEGL
*
*
3 ± 1
NEGL
1 ± 0.3
1 ± 0.1
3 ± 1
1 ± 0.3:
1979
*
32 ± 4
8 ± 4
*
A
8 ± 4
*
*
*
*
NEGL
4 + 0.4
8 ± 1
8 ± 4
20 ± 4
12 ± 4
1971
82 ± 50
3 ± 1
2 ± 0.3 •
NEGL
NEGL
1 -*- 0.1
NEGL
NEGL
*
*
4 ± 1
NEGL
1 ± 0.03
2 ± 0.1
4 ± 1
1 + 0.3
*Key: * = No Data, NEGL = Negligible, + = Median, ± = Standard Deviation.
TABLE 8-7
TRIBUTARY LOADINGS
of Tributatv
Total Phosphorus Biochemical Oxygen Demand
Tributary
Bonnie Brook
South Meadow Brook
O'Hara Brook
Bridle Path Storm Drain
Jordan Pond Outlet
Fitzgerald Brook
Bird Street Brook
Stoneland Brook
Channel Below Belmont St. Dr.
Belmont Street Drain
Tilly Brook
Medical School Drain
Billings Brook
Coalmine Brook
Poor Farm Brook
f Newton Pond Outlet
overall
25 ± 5 +
14 ± 7
2 ± 0.5
3 ± *
0.5 ± *
2 ± 0.3
0.4 ± *
0,4 ± 0.04
*
*
18 ± 4
1 ± 0.3
3 ± 0.8
5 ± 1
17 ± 5
9 ± 1
1979
'*
12 ± 3
3 ± 0.2
*
*
3 ± 1
*
*
*
*
49 ± *
0.4 ± 0
3 ± 0
6 ± 1
11 ± 5
13 ± 4
1971
22 ± 4
17 ± 10
3 ± 0.4
2 ± *
0.4 ± *
2 ± 0.3
0.3 ± *
0.3 ± 0.03
*
*
16 ± 4
1 ± 0.3
3 ± 1
6 ± 2
17 ± 5
9 + 1
overall
10 + .2
10 ± 3
if
*
*
1 ± 0.2
*
*
*
*
53 ± 47
*
3 ± 1
2 ± 0
12 ± 5
9 ± 4
1979
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
1971
10 ± 2
10 ± 3
*
*
*
1 ± 0.2
*
*
*
*
53 ± 47
*
3 ± 1
2 ± 0
12 ± 5
9 ± 4
*Key: * = No Data, NEGL = Negligible, + « Median, ± = Standard Deviation.
TABLE 8-8
TRIBUTARY LOADINGS
Percent of Tributary Loadings*
NH3 Loadings Chloride Loadings
Tributary
Bonnie Brook
South Meadow Brook
O'Hara Brook
Bridle Path Storm Drain
Jordan Pond Outlet
Fitzgerald Brook
Bird Street Brook
Stone land Brook
Channel Below Belmont St. Dr.
Belmont Street Drain
Tilly Brook
Medical School Drain
Billings Brook
Coalmine Brock
Poor Farm Brook
Newton Pond Outlet
overall
15 + 5
18 ± 13
1 ± 0.2
NEGL
NEGL
1 ± 1
NEGL
NEGL
*
*
5 ± 1
NEGL
4 ± 2
1 ± 0.2
51 ± 22
5 ± 2
1979
*
9 ± 3
1 ± 0.3
*
*
1 ± 0.1
*
*
*
*
NEGL
NEGL
6 ± 1
1 ± 0.3
66 ± 31
16 ± 9
1971
12 ± 4
24 ± 18
1 ± 0.4
NEGL
NEGL
2 ± 1
NEGL
NEGL
*
*
4 ± 1
NEGL
4 + 3
1 ± 0.4
49 ± 23
3 ± 1
overall
35 + 2
7 ± 0.4
4 ± 0.3
NEGL
1 ± °°
3 ± 0.1
1 ± °°
NEGL
*
*
16 ± 2
1 ± 0.01
1 ± 0.2
8 ± 0.4
12 ± 0.5
10 ± 1
1979
*
10 ± 1
7 ± 1
*
*
4 ± 0.5
*
*
*
*
28 ± °°
1 ± .01
3 ± .1
13 ± 1
20 ± 3
14 ± 1
1971
35 ± 2
8 ± 1
4 ± 0.2
NEGL
1 ± °°
3 ± 0.1
1 ± °°
NEGL
*
*
16 ± 2
1 ± 0.1
1 ± 0.1
8 ± 0.4
12 ± 0.2
10 ± 1
*Key: * = No Data, NEGL = Negligible, + = Median, ± = Standard Deviation.
TABLE 8-9
OVERALL LOADING RANKS*
Tributary
Bonnie Brook
South Meadow Brook
O'Hara Brook
Bridle Path Storm Drain
Jordan Pond Outlet
Fitzgerald Brook
Bird Street Brook
Stoneland Brook
Channel Below Belmont St. Dr.
Belmont Street Drain
Tilly Brook
Medical School Drain
Billings Brook
Coalmine Brook
Poor Farm Brook
Newton Pond Outlet
TP . NO3-N . BOD . SSL . FCF . TKN . NH3 . CLD
1 1 3 1 . N .D. 3 1 '
4 2 3 4 5 4 2 '
2.
2 2 1 3 1 1 4 2
5
3 5
3 2 2 2 3 2 1 3
5 5 5 2 5 4
*Key: 1 = Highest Ranking, N.D. = No Data.
TABLE 8-10
CONCENTRATION RANKS*
Tributary
Bonnie Brook
South Meadow Brook
O'Hara Brook
Bridle Path Storm Drain
Jordan Pond Outlet
Fitzgerald Brook
Bird Street Brook
Stoneiand Brook
Channel Below Belraont St. Dr.
Belmont Street Drain
Tilly Brook
Medical School Drain
Billings Brook
Coalmine Brook
Poor Farm Brook
Newton Pond Outlet
TP
© I
6
12
©
13
©
4
7
ND
ND
7 II
7
11
7
4 III
14
NO3-N
©'
7 II
4
9
10
©
4
14
ND
ND
12 II
©
6
8
11 II
13
BOD
4 III
(7) III
ND
ND
ND
6
ND
ND
ND
ND
7 I
©
7
0) JI
5
DOX
9
(la)
4
1
7
5
3
Gv
ND
ND
7
6
10
2
(12)
10
SSL
(D I
9
9
©
11
8
14
3
ND
ND
6 III
©
5
7
12 II
13
FCF
9
8
©
13
7
©«
4
14
ND
ND
5 I
6
9
(2)0 III
11 III
12
TKN
ND III
0
6
ND
ND
4
ND
ND
ND
ND
©'
9
8
7
(T)ll
5 II
NH-i
(T) III
5 II
9
4
6
9
9
9
ND
ND
8
6
©
9
©<
9
CLD
(T) I
9
6
14
7
5
©
11
ND
ND
10 II
4
11
©
8 III
13
*Key: * = Based on median concentrations, 1 - Highest ranking, + = highest individual value (during 79),
ND = No data. NB: Roman numerals indicate ranking wrt % loadings.
8-15I
H06, South Meadow Brook contirbutes 10% of the total tributary flow
I to Lake Quinsigamond and although not as significant as Bonnie Brook, its
pollutant loads nevertheless result in significant impacts.
This brook contributed 14% of the total phosphorus contribution and
I consistently ranked in the top five with respect to all except chloride
Kjeldahl N loadings and concentrations (4th S 3rd, respectively). Unlike
I the previous station, dissolved oxygen concentrations were low, and with
wide diurnal swings in both the 71 and 79 samples (3-8 mg/1) . In
I
loadings. Nutrients are a problem as evidenced by the high NH and total
addition 79 samples showed bacterial contamination with concentrations
(TFC > 1025 #/100 ml, FCF > 465 #/100 ml) in excess of Class B standards.
I Stations T15, T22, T18, T08, T21, T23, T20, T19 These brooks are
_ characterized by intermittent flow and very localized impacts. Together
they contribute only 9% of the tributary flows.
I
T15 Q'Hara Brook is indicated by Table 8-10. This station's main
| problem is sewage contamination. Fecal coliform counts ranged from 5 to
H 900 #counts/100 ml, and total coliform counts reached as high as 4800
counts/100 ml.
I
T22 Bridle^  Path Storm Drain appears to be primarily affected by very
m high total phosphorus counts. However, this was based on only one
• sample (1971) and thus quite inconclusive.
I
I
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I
• T08 Fitzgerald Brook like T22 is characterized by poor local quality.
• Nutrient concentrations are quite high though, again, of little more than
localized interest. More problematic however is the sewage contamination
I which resulted in a very significant loading during the 71 samples. It
_ appeared however to not be of significance during the 79 samples.
• T21 Bird Street Brook's primary problems are related to high nutrient
concentrations and sewage contamination though somewhat less severe than
I at T22. Again the problem is highly localized.
T23 Stoneland^Brook appeared to have dissolved oxygen problems (low-
• _ est median concentration) but closer inspection revealed that the
estimate was the result of only one sample and thus highly inconclusive.
• Another problem appears to be the low pH values ranging between 3.2 to
• 3.9 which appear to be related to illegal dumpings.
• T19 & T20 Belmont St. Drain/Channel below - No data were obtained
I
I
I
I
for these stations,
I T17 Tilly Brook discharges result in a significant pollutant loads
which seriously impacts Lake Quinsigamond's water quality. This brook
| . contributes 21% of the total tributary flow and ranks consistently in
_ the highest loading levels (see Table 8-9). It contributed 18% of the
total phosphorus, 53% of the total BOD, 43% of the total Kjeldahl N and
44% of the fecal coliform loads.
I
I
I
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The situaiton was generally improved in 79 (especially FCF counts);
the only exceptions, suspended solids and TP concentrations, were pri-
marily the results of having only one sample estimate.
I
T16 Medical School Drain resulted in no significant impacts; it
• was however the source of high relative concentrations of nitrate
• nitrogen (median concentration more than 1 mg/1) and suspended solids
ranking 3rd and 2nd respectively.
I
. T13 Billings Brook alghough having relatively small flows, con-
sistently contained unacceptably high BOD (highest concentration),
• ammonia NH , and very low dissolved oxygen concentrations (especially
in 79) . Its impact however was very localized.
I
m T09 Coalmine Brook is the smallest of the six major tributaries with
a 5% contribution to the total flow. The primary problem is related to
I sewage contamination; particularly high were the fecal concentrations
during the 1979 period with values in excess of 20DO counts/100 ml.
I
Chloride concentrations were also problematic, ranking third in concentra-
tion and fifth in loadings.
• TIP Poor Farm Brook was second only to H09 in relative loading
impacts. Its flow resulted in 17% of the total phosphorus, 12% of the
I
I
I
I
I
I
I
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BOD, 51% of the ammonia loads and consistently ranked in the highest
of both concentration and loadings. Dissolved oxygen values were
particularly problematic, exhibiting large swings during the 71 period
_
{range 0.1 to 12.9); equally problematic were fecal coliform counts,
I reaching a median value of 905 counts/100 ml during the 79 period (only
2 samples however) .I
• Til Newton Pond contributes a significant 21% of the total tributary
flow yet resulted in moderate loadings. Primary considerations are related
I to the dissolved oxygen swings during 71 (2.0-7.8) which appear alleviated
in 79. Overall the water quality in this tributary ranks as the best of
the dominant streams.
Storrnwater Impacts
I The analysis presented above is based primarily on dry samples and
thus does not address wet weather quality issues. Preliminary grab
^ samples suggest that stormwater loads increase significantly over dry
H weather loads. Increases of 3-5 fold for suspended solids, and nutrients
have been reported. Unfortunately to accurately estimate wet weather
• loads intensive storm monitoring as is currently underway is required.
I With respect to dry weather flows a clear pattern emerges. Six
streams dominate most of the flow and as a result dominate the pollutant
• loadings. Bonnie Brook, Tilly Brook and Poor Farm Brook present the most
I
I
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significant loadings to the lake. Together they contribute 74% of the
• total phosphorus, 85% of the BOD, 93% of the nitrate nitrogen, 74% of
the suspended solids, 66% of the fecal coliform, 74% of the total
• Kjeldahl, and 70% of the chloride loads. With the exception of T09 and
• Til, the remaining inputs although at times characterized by poor
quality, result in primarily localized impacts.
Overall, the primary water quality problems in the tributaries are
I related to high nutrient concentration, sewage contamination and depleted
depleted dissolved oxygen values.
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
Section 9
Conclusions
1. Identification of significant differences in water quality conditions
between 1971 and 1979 is hindered by (a) changes in monitoring pro-H
gram design (12 sampling runs in 1971 vs. 4 in 1979) and (b) clima-
I tologic variations which caused the lake to stratify a month earlier
in 1979.
B 2. Based upon oxygen and nutrient levels in Lake Quinsigamond, there is
• no evidence of an increase in eu trophic at ion between the two sampling
periods. An increase in Kjeldahl nitrogen levels in Flint Pond might
• - have been due to climate logic factors.
_ 3. Fecal and total colifonn levels increased between 1971 and 1979 both
™ in Lake Quinsigamond and in Flint Pond. Some of this increase mighti
I be attributed to the fact that 1971 was a relatively dry hydrologic
year and to the timing of 1979 sampling runs relative to storm events.
| In 1979, fecal coliforms averaged factors of 20 and 10 below the state
• standard for Class B waters in Flint Pond and Lake Quinsigamond,
respectively. Analysis of more intensive 1980 monitoring data is
• required to determine whether the standard is violated in localized
areas and relationships to antecedent storm events.I 4. A number of factors point to the potential significance of heavy
metals in these lakes: (a) the urban watershed as a potential source
9-1
I
I
I
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(b) substantial vertical gradients in sediment heavy metals detected
in 1971; (c) anoxic bottom waters which are favorable to the solubility
and cycling of metals in the lake; (d) the interest and intensity in
I recreational fishing; (e) potential for bio-accumulation; (f) potential
public health hazards. Measurements of heavy metals in hypolimnetic
• , waters and in fish tissue are needed to assess these problems.
• 5. Transparency, chlorophyll-a, and oxygen dificit data from 1979 in-
dicate that these lakes are in a late mesotrophic/early eutrophic
I status. Phosphorus measurements, however, indicate a higher level of
_ eutrophication. While the higher phosphorus levels may be caused
by the sampling regime in relation to storm events, analysis of total
I and dissolved phosphorus measurements from the 1980 monitoring program
are required to further assess the role of phosphorus as a limiting
| nutrient in these lakes.
• 6. Currently available data indicate that water quality and beneficial
uses are most limited by eutrophication. In Lake Quinsigamond, nutrient
• loading controls should result in water quality improvements with
respect to algal abundance and type, transparency, and hypolimnetic
I dissolved oxygen. The last would, in turn, reduce the potential for
• internal cycling of nutrients and heavy metals and improve fisheries
habitat. While Flint Pond would also be expected to improve with
I respect to transparency and phytoplaixkton growth, in-lake measures,
such as harvesting or dredging, would probably be required to control
• aquatic weed populations.
I
I
I
I
I
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7. Future modelling efforts should involve the construction of a frame-
• work for assessing the relationships between nutrient loadings and
trophic state indicators in Lake Quinsigamond and Flint Pondf in-
™ eluding phosphorus, chlorophyll-a, transparency, and hypolimnetic
• oxygen deficits. The spatial segmentation of the model should
consist of at least two surface-water segments (Quinsigamond and
| Flint Pond) and three bottom-water segments, based upon the analysis
• of hypolimnetic water quality data and depth contours.
8. Analysis of pollution sources from the tributaries utilized only dry
• weather data; because of the time scale involved in analyzing lake
impacts, it is imperative that wet weather loadings also be con-
I sidered.
• 9. The unavailability of flow data (exemplified by the 1979 data) negates
the usefulness of available quality data and incorporates potentially
I high variability into any loading analysis. Future monitoring pro-
grams should include both quantity and quality measurements.
™ 10. Based on flow data from April 26, June 30 and December 17, 1971, the
I
I
I
I
I
I
I
majority of flow (88%) into Lake Quinsigamond originates in 6 of the
16 tributaries:
a. Tilly Brook (21%)
b. Newton Pond Outlet (21%)
c. Bonnie Brook (18%)
d. South Meadow Brook (10%)
e. Poor Farm Brook (13%)
f. Coal Mine Brook (5%)
9-4
11. The six tributaries with the major flows also contribute the majority
of pollutant loads (based on dry weather flow) to the lake, namely
74% of the total phosphorus, 85% BOD5, 93% NO -N, 74% of the suspended
solids, 66% of the fecal coliforms, 74% of the TKN and 70% of the
chlorides.
12. With respect to specific tributary contributions, the following
ranking was observed from 1971 and/or 1979 data:
a. Total Phosphorus
b. Nitrate Nitrogen
c. BODs
d. Suspended Solids
e. Fecal Coliform
f. TKN
g. Ammonia
Bonnie Brook (1)
Tilly Brook (2)
Poor Farm Brook (3)
Bonnie Brook
South Meadow Brook
Tilly Brook
Poor Farm Brook
Tilly Brook
Poor Farm Brook
Bonnie Brook
South Meadow Brook
Bonnie Brook
Poor Farm Brook
Tilly Brook
Tilly Brook
Fitzgerald Brook
Coalmine Brook
Poor Farm Brook
Tilly Brook
Poor Farm Brook
Newton Pond Outlet
Poor Farm Brook
South Meadow Brook
Bonnie Brook
9-5
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h. Chlorides - Bonnie Brook
- Tilly Brook
- Poor Farm Brook
I
I
I
I
I Analysis of storm event data may indicate considerably different
loading distributions, however.
I
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CHAPTER 3
LAKE D I S C R E T I Z A T I O N
In add i t i on to the wa te r q u a l i t y data c o l l e c t e d and a n a l y z e d
In the p r e v i o u s c h a p t e r th ree a d d i t i o n a l t y p e s o f da ta a re
requ i red to adequa te l y c h a r a c t e r i z e the l akeshed and the fac to rs
w h i c h I n f l u e n c e w a t e r q u a l i t y . Those I n c l u d e land use data,
h y d r o l o g t c data and c l i m a t i c data.
3.1 Land Hsfi £a±a
T h e L a k e Q u l n s l g a m o n d b a s i n w a s d i v i d e d Into a n u m b e r o f
Independent ca tchement areas. U.S.G.S. topograph ic maps and storm
d r a i n s y s t e m m a p s w e r e u s e d t o I d e n t i f y c a t c h m e n t b o u n d a r i e s .
F igure 3-1 s h o w s the r esu l t i ng catchment areas d e f i n e d for each
s a m p l i n g location. For s i m u l a t i o n work the b a s i n was d i v i d e d Into
seven major catchment areas. F i g u r e 3-2 s h o w s these seven major
d I v I s ions.
3.1.1 Present CondIt Ions
Present l a n d u s e e s t i m a t e s f o r 1975 w e r e b a s e d o n l a n d u s e
m a p s d e v e l o p e d b y t h e C e n t r a l M a s s a c h u s e t t s r e g i o n a l p l a n n i n g
c o m m i s s i o n (CMRPC) , and on zon ing and l and use m a p s d e v e l o p e d by
the Worcester o f f i c e of C i t y P lann ing and Commun I ty Development .
Q u l n s l g a m o n d c a t c h m e n t d i v i s i o n s w e r e s u p e r i m p o s e d o n t h e
a v a i l a b l e l and use maps and common use areas out l ined. Areas fo r
each use category were to ta led by count ing squares on an o v e r l a i d
g r i d sys tem. To ta l ca tchment a r e a s w e r e c a l c u l a t e d u s i n g a
p l a n l m e t e r . L a n d use a r e a s w e r e a d j u s t e d t o m a t c h t he more
accurate p l a n l m e t e r e d total ca tchment areas. Land use ca tegor ies
u s e d w e r e those s p e c i f i e d b y NURP f o r l e v e l th ree c a t c h m e n t
descr i ptIons.
A s s u m p t i o n s w e r e n e c e s s a r y t o I n te rp re t t h e d i f f e r e n t
ca tegor i za t i ons of the a v a i l a b l e l and use m a p s Into the d e s i r e d
NURP c a t e g o r i z a t i o n s ( 1 ) a n d s i m u l a t i o n m o d e l c a t e g o r i z a t i o n s .
W e t l a n d s w e r e t o t a l e d s e p a r a t e l y f r o m l a k e s f o r NURP p u r p o s e s ,
b u t w e r e c o n s i d e r e d t h e s a m e a s l a k e s f o r m o d e l i n g p u r p o s e s .
H i g h w a y s w e r e c o n s i d e r e d c o m m e r c i a l uses o w i n g t o t he s i m i l a r i t y
w i t h h igh t r a f f i c dens i t i es In c o m m e r c i a l areas. Park l a n d s and
f o r e s t e d l a n d s w e r e s e p a r a t e d f r o m w e t l a n d s a n d o p e n ( v a c a n t )
I ands w I th the aid of U,S,G,S, topograph Ic maps w h e n the land use
m a p s w e r e no t c l e a r as to the d i s t i n c t i o n . For the W o r c e s t e r a rea
m a p s , h i g h d e n s i t y h o u s i n g C 9 + d w e l l i n g u n i t s p e r a c r e ) w a s
a t t r i b u t e d to the m a p s c a t e g o r y o f m u l t i - f a m i l y h o u s i n g I f the
h o u s i n g a l s o l a y I n a n area z o n e d f o r h i g h d e n s i t y h o u s i n g .
M u l t i - f a m i l y h o u s i n g I n a reas z o n e d o t h e r w i s e w a s c o n s i d e r e d
m e d i u m dens i ty hous ing (2-8 uni ts per acre).
Land use e s t i m a t e s for present cond i t i ons w e r e made for each
s a m p l i n g station catchment area, and for each s i m u l a t i o n model
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Figure 3-1.
Sampling station catchments.
Figure 3-1 continued
Sampling station catchments
CODE
PI
P2
P3
P4
P5
P6
SI
S2
S3
54
S5
S6
S7
S8
S9
NAME
Jordan Pond
Rt. 9
Locust Avenue
Anna Street
Convent on Coal Mine Brook
Tilly Brook
Billings Brook
Newton Pond
Clark Street on Poor Farm Brook
Coal Mine Brook
U. Mass.
O'Hara Brook
South Meadow Brook
Jordan Pond Outlet
Poor Farm Brook - Jamesbury
BQ 31
Legend
BQ 32
BQ 34
BQ 35
Model cell boundaries
Streams
Lake
BQ 30
BQ 33
BQ 35
BQ 36
Finure 3-2. Model cell boundaries
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TABLE 3-2 ..... ' . . . -
Present Land Use Estimates (acres) for Model C e l l Catchment D i v i s i o n s
CD NM TOT LD
~BQ 30 2968 77
-BQ 31 2303 5
MD HD
319 0
653 81
BQ 32 1 84,6 102 388 26
BQ 33 1836 183
•BO 34
0
BQ 35 3230 42 1123 1
\ BO 36 573 0 134 0
COM
4
46
233
120
-219,
196
58
25?
IND
126
158
162
30
§¥*
68
22-
P/F OPN
1493 373
944 395
579 138
906 101
265 13J_
 1108 277
149 37
WTR
575
21
218
314
398
174
LD = low density : 0-2 d w e l l i n g units per acre
MD = m e d i u m density: 2-8 d w e l l i n g u n i t s per acre
HD = h i g h density: 9t d w e l l i n g units per acre
COM = commercial: i n c l u d e s highways, p a r k i n g lots
IND = i n d u s t r i a l : i n c l u d e s quarries
P/F = park/forest: forested l a n d or p u b l i c parks
PN = open: unforested, undeveloped l a n d
WTR = water : i n c l u d e s takes and wet\ ends
TOT = total
i
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TABLE 3-3
Fu tu re L a n d U s e E s t i m a t e s ( a c r e s )
for Model CeI I Catchment D iv i si ons
Res i dent i a I
1
1
1
1
1
1
1
1
1
1
1
BQ 30
BQ 31
BQ 32
BO 33
BQ 34
BQ 35
BQ 36
TOT
LD
MD
HD
COM
1 ND
P/F
OPEN:
WATER:
TOT LD MD HD COM 1 ND P/F OPEN WATER
2968 106 440 5 9 351 1190 290 575
2303 6 712 1 00 81 270 780 333 21
1846 103 392 44 289 188 522 90 218
1836 253 268 8 127 60 736 70 314
1637 15 770 98 256 58 283 63 94
3230 44 1179 24 219 71 1069 226 398
573 0 142 0 63 24 142 28 174
total
low density r e s i d e n t i a l : 0-2 d w e l l i n g u n i t s per acre
me d i u m density r e s i d e n t i a l : 2-8 d w e l l i n g units per acre
h i g h density r e s i d e n t i a l ; 9+ d w e l l i n g units per acre
commercial: i n c l u d e s highways, parking
i n d u s t r i a l : i n c l u d e s quarries
forested or park l a n d
unforested, undeveloped l a n d
i n c l u d e s lakes and wetlands
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A e r i a l photographs of a sca le , 1 "=800 f we re used to es t ima te
I m p e r v I o u s n e s s . S e v e r a l p h o t o g r a p h s w e r e c o m p o s i t e d f o r t h e
• W o r c e s t e r a rea and the c a t c h m e n t b o u n d a r i e s w e r e d r a w n on the
' a e r i a l photographs. W i t h the aid of the Worces ter l a n d use maps,
s i n g l e - f a m i l y res iden t i a l , m u l t i - f a m i l y r e s i d e n t i a l , c o m m e r c i a l
I and I ndus t r i a l zones were d r a w n on the east Worces te r study area.T h e p r o p o r t i o n o f i m p e r v i o u s l a n d w a s c a l c u l a t e d f o r each l a n d
use type In the study area.i
i
i
i
i
i
i
i
i
c a t c h m e n t d i v i s i o n . T a b l e 3 - 1 p r e s e n t s t h e r e s u l t i n g l a n d u s e
e s t i m a t e s fo r the s a m p l i n g s ta t ion catchments. T a b l e 3 -2 p resents
the r e s u l t i n g es t imates for the s i m u l a t i o n model catchments.
3.1.2 Future Land Use Data
Future l a n d use p red i c t i ons w e r e based on pro jec t ions made
by the CMRPC fo r t o w n s in the Q u l n s i g a m o n d b a s i n (2 ) . The s a m e
proport ional inc reases per l a n d use category as projected by the
C M R P C f o r t o w n s w e r e u s e d t o m a k e p r o j e c t i o n s f o r t h e
Q u l n s i g a m o n d model catchment d i v i s i o n s . The numbers we re ad jus ted
as J u d g e d necessary by EDP w h e n c o n d i t i o n s w i t h i n the catchment
d i v i s i o n w e r e c l e a r l y d i f f e r e n t f r om average cond i t i ons fo r t he
town. The r e s u l t i n g projected l and use areas for 1995 cond i t ions
are presented In T a b l e 3-3.
3.1.3 I m p e r v 1 o u s Area
For the s i m u l a t i o n mode l percent i m p e r v i o u s es t ima tes per
l a n d use c a t e t g o r y a re n e c e s s a r y . To s u p p o r t s e l e c t i o n o f
r e a s o n a b l e v a l u e s f r o m t h e l i t e r a t u r e , t h e v a l u e s f r o m a
rep resen ta t i ve area In Worcester we re es t imated.
For s i n g l e f a m i l y r e s i d e n t i a l i m p e r v i o u s area was taken to
be the sum of the area covered by houses and the area covered by
streets. To c a l c u l a t e these areas the r e s i d e n t i a l sec t ions of the
s t u d y a r e a s w e r e o v e r l a i d w i t h t r a c i n g p a p e r upon w h i c h a t w o
Inch g r id was drawn. Next, the dens i t y o f s i n g l e - f a m i l y d w e l l i n g s
for severa l r ep resen ta t i ve areas encompassed by a two Inch square
g r i d w e r e c a r e f u l l y d e t e r m i n e d a n d then la te r used a s t h e
r e f e r e n c e t rac ts t o c o m p u t e h o u s i n g I n a l l other g r i d s .
The n u m b e r o f h o u s e s In a l l o ther s q u a r e s In the g r i d fo r
the study areas was s u b s e q u e n t l y e s t i m a t e d by eye as a percent of
the re ference squares for east Worces ter .
The average house s i z e for the study areas was de te rmined by
m e a s u r i n g on a 1 t r -80 f a e r i a l pho tog raph ten of the h o u s e s In
severa l of the re fe rence test tracts. The average square footage
of s i n g l e - f a m i l y d w e l l i n g s In east Worcester was determined to be
1289 square feet. The por t ion of the I m p e r v i o u s area a t t r i bu tab le
to h o u s i n g Is t h e r e f o r e the p roduc t of the to ta l n u m b e r o f h o u s e s
and average house s i z e .
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The port!on of the I m p e r v i o u s area a t t r i b u t a b l e to streets
was next computed. First, the l e n g t h of street In each g r i d
square was measured w i t h a K&E map measure and then street w i d t h s
were measured at several points and were determined to be on the
average 37.5 ft. The area of Impervious streets was then computed
as the product of total street length and average street width.
The percent I m p e r v i o u s area In the r e s i d e n t i a l zone Is the
total Impervious area d i v i d e d by the total r e s i d e n t i a l area. The
c a l c u l a t i o n s used to compute the percent I m p e r v i o u s area In
residential zones are summarized as f o l l o w s :
percent area covered by houses + area covered by streets
Impervious =
area total area
For m u l t i - f a m i l y r e s i d e n t i a l again, Impervious area Is the
sum of area covered by houses and the area covered by streets
d I v l d e d by total area.
The area covered by streets Is the street l e n g t h t i m e s the
street width. Street length was measured w i t h a K&E map measure
and street w i d t h was taken to be the same as the s I ng 1 e-f am I I y
r e s i d e n t i a l areas, 37.5 ft.
The n u m b e r of d w e l l i n g s per u n i t l e n g t h of street was
estimated to be 21 houses per map Inch of street or 0.02626
houses/ft of street In m u l t i - f a m i l y r e s i d e n t i a l zones for both
areas of Worcester. The average house size was measured to be
2682 sq. ft. In the east Worcester study area. The portion of the
I m p e r v i o u s area a t t r i b u t a b l e to d w e l l i n g surface area Is the
number of houses times the average house size.
Total area In the m u l t i - f a m i l y r e s i d e n t i a l zones was
measured u s i n g a K&E p l a n i m e t e r . The c a l c u l a t i o n of percent
ImpervIous area Is:
percent
Impervious = area covered by houses + area covered by streets
area -_- -._____ _-._____
total area
= total number of average total average
length houses/un i t * s i z e of + length of * w i d t h
of
of s t ree ts * l e n g t h of a h o u s e o f s t r e e t s of s t ree ts
total area (pI an Imetered)
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The I m p e r v i o u s In percent for s ! n g I e - f a m I Iy a reas Is 8.3 for
eas t W o r c e s t e r . T h e I m p e r v l o u s n e s s I n pe rcen t f o r m u l t l f a m i l y
areas Is 32.5 for east Worcester .
F o r c o m m e r c i a l a n d I n d u s t r i a l t h e p r i n c i p a l s u b a r e a s w e r e
I n i t i a l l y located on the Worces te r l a n d use map. The area w i t h i n
e a c h c o m m e r c i a l a n d I n d u s t r i a l d e v e l o p m e n t e x a m i n e d w a s
d e t e r m i n e d a l o n g w i t h v i s u a l e s t i m a t e s o f I m p e r v l o u s n e s s . T h e
e s t i m a t e s of percent I m p e r v l o u s n e s s f q r r c o m m e r c I a I and Indust r ia l
areas In east Worces te r we re computed by s 'ummlng the I m p e r v i o u s
est I mates -foF~~ each deve lopmen ts t imes the p l a n l m e t e r e d area of
each deve lopment , and th'en d i v i d i n g - b y the total area of al l the
deve lopments .
C o m m e r c i a l percent I m p e r v l o u s n e s s was es t ima ted to be 52%
f o r eas t W o r c e s t e r . I n d u s t r i a l I m p e r v l o u s n e s s w a s e s t i m a t e d
somewha t l ower , 21JE, o w i n g to the la rge areas u t i l i z e d fo r g r a v e l
qua r r i es .
3.2 H y d r o l o g l c Data
3.2.1 Stream F I o w Records
E a c h p r i m a r y s t a t i o n I s l o c a t e d w i t h i n a n a r e a o f
s i g n i f i c a n t Interest and Is e q u i p p e d w i t h a con t i nuous au toma t i c
f l o w ( l i q u i d l e v e l ) reco rd ing dev ice . The m o n i t o r i n g methods used
a r e d e s i g n e d t o p r o v i d e c o m p l e t e a n d d e t a i l e d r e c o r d s o f
p r e v a i l Ing env i ronmen ta l cond i t ions .
Each s i te d e s i g n a t e d as a secondary stat ion had s a m p l i n g and
f l o w g a g i n g conduc ted b y m a n u a l means. A l l seconda ry s ta t i ons
have p a r t i c u l a r s a m p l i n g and g a g i n g requ i rements w h i c h a re noted
on a f i e l d ins t ruc t ion sheet.
A l l s a m p l i n g l o c a t i o n s a r e s h o w n I n f i g u r e 3-3. P r i m a r y
loca t ions are noted w I t h a "P"; secondary I oca11 ons w l t h an "S".
F l o w g a g i n g a c t i v i t i e s a r e b r o k e n Into t w o phases , 1 )
generat ion of s tage /d i scha rge ( d e p t h / f l o w ) ra t ing curves and 2)
con t inuous l e v e l recording.
J) Generat ion of pr imary rat ing curves
EDP has generated p r i m a r y f i e l d c a l i b r a t e d ra t i ng curves fo r
a l l g a g i n g s ta t i ons . I n n o c a s e w a s M a n n i n g ' s e q u a t i o n o f some
other s i m i l a r t r a n s f o r m a t i o n used f o r f i e l d c o l l e c t e d data,
w i t h o u t c a r e f u l f i e l d c a l i b r a t i o n . F i e l d c a l i b r a t i o n s I n v o l v e d
t a k i n g n u m e r o u s p r i m a r y m e a s u r e m e n t s ( v e l o c i t y a n d c r o s s
s e c t i o n a l a rea) . F o r v a r i o u s c h a n n e l s t hese da ta po in t s w e r e
entered Into a computer program to generate ra t ing curves u s i n g a
l e a s t s v q u a r e s c u r v e f i t t i n g p r o c e d u r e d e v e l o p e d by EDP (3) .
F i e l d p r o c e d u r e s u t i l i z e d f o l l o w those g e n e r a t e d b y t h e U.S.
G e o l o g i c a l S u r v e y a n d t h e B u r e a u o f R e c l a m a t i o n f o r r i v e r s a n d
Newton Pond
Shirley Rd.
Main St.
North Quinsigamond
Holden St.
Poor Farm Brook
Eastmountain St.
Rte. .70
Boylston ,St.
Convent
Coal Mine Brook
Plantation St.-
Mohican St. SHREWSBURY
Harvey Place
Locust St;
Colburn Ave.
Anna St.
Figure 3-3.
Sampling station locations
• Site
p Primary
s Secondary
Whitla St.
Sunderland Rd
Rte 9
h^Edgewater Ave.
Ridgeland Ave.
Jordan Pond
$
South Quinsigamond
Southmeadow
Brook
Lake St.
Rte 20
To Mass Pike Exit 11
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streams, and procedures generated by EDP, Inc., for enclosed
sewers and drains.
All f i e l d velocity determinations were conducted by either
d i r e c t v e l o c i t y meters or t i m e of travel s t u d i e s u s i n g dye
tracers. EDP uses Marsh M c B I r n y mocel 201 and 401 m a g n e t i c
v e l o c i t y meters w h i c h are factory c a l i b r a t e d to g i v e r e l i a b l e
r e a d i n g s from 0.05 - 10 fps In the X (horizontal model 201) or
x/y (horizontal and v e r t i c a l m o d e l 401) directions. Time of
travel studies were conducted by i n j e c t i n g R h o d a m l n e B or
V r a c l n c e Dye Into the stream and m e a s u r i n g the distance and
travel t i m e for the I n i t i a l , b u l k and end r e a d i n g s of the dye
passage. Each time of travel r e a d i n g Is repeated at least 3 times
for m a x i m a l accuracy.
Rating curves were generated for all stations wi t h no less
than 8 d i f f e r e n t f l o w l e v e l s . G e n e r a t i n g of r a t i n g curve data
points w i l l continue over the b u l k of the monitoring program.
2) Continuous recording l i q u i d l e v e l
At each p r i m a r y g a g i n g site a m e c h a n i c a l " d i p p i n g " or
u l t r a s o n i c l e v e l recorder w a s I n s t a l l e d a n d w i l l b e m a i n t a i n e d
for the program duration. In no case was a float, b u b b l e r or othr
sensing system subject to clogging, f o u l i n g and associated data
errors, used. D i p p i n g type recorders w l l I be as m a n u f a c t u r e d by
EDP, Inc., or M a n n i n g 3000 series "dippers". U l t r a s o n i c l e v e l
sensors are the M a n n i n g UTL - 2102A l e v e l transmitter w i t h
I n t e g r a l Rustrak g a l v a m e t r l c c o n t i n u o u s strip chart recorders.
All recorders once I n s t a l l e d were Inspected at a ten day m a x i m u m
Interval, usually every 5 days.
After I n i t i a l I n s t a l l a t i o n a n d c a l i b r a t i o n u s i n g t h e
m a n u f a t u r e r 1 s recommended procedures the f o l l o w i n g steps were
taken to ensure the consistency of v a l i d data collection.
1 ) A l l personnel s e r v i c i n g t h e e q u i p m e n t were t h o r o u g h l y
experienced In the use of the e q u i p m e n t . Any q u e s t i o n a b l e
operation or sympton encountered was I m m e d i a t e l y referred to
q u a l i f i e d personnel and recorded In the permanent log book.
2) At each v i s i t to a site ma n u a l measurements of depth of
flow and comparison to meter valu e s were made and records of each
Iogged.
3) At each v i s i t to a site of a d i p p e r or u l t r a s o n i c meter
the zero and span setting was checked. Span was checked by
temporary blockage of the s i g n a l at several known elevations and
compared to recorder responses. All data was recorded In the
f i e l d Iog book.
4) A n c i l l a r y e q u i p m e n t such as batteries and chart paper
were checked at each v i s i t for s u i t a b l e condition.
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5 ) A n y f i e l d p r o c e d u r e s p a r t i c u l a r t o a g i v e n s i t e
i t e m i z i n g a l l I t e m s u n i q u e t o each s i t e w e r e I n c o r p o r a t e d in to
the g e n e r a l I n s t a l l a t i o n and s e r v i c e r eco rds f o r use a t e a c h
site.
A t s i t e s l a c k i n g c o n t i n u o u s s t a g e r e c o r d i n g d e v i c e s
( s e c o n d a r y s l t e s ) s t a f f g a g e s w e r e I n s t a l l e d a t each l oca t i on .
D u r i n g each s a m p l e d s to rm e v e n t o r per iod, gage r e a d i n g s w e r e
taken ( f o r f l o w m e a s u r e m e n t ) a t e a c h t i m e o f w a t e r q u a l i t y
s a m p l i n g a t t h e s i te . G a g e r e a d i n g s w e r e c o n v e r t e d t o f l o w
measu remen ts and a s to rms t ream hydrograph was constructed upon
c o m p l e t i o n of the s a m p l i n g .
S t a f f g a g e s w e r e s e t u p a n d c a l i b r a t e d a c c o r d i n g t o
procedures d e v e l o p e d by the U.S. G e o l o g i c a l Survey and the Bureau
o f R e c l a m a t i o n . E a c h l o c a t i o n t o be g a g e d was c l e a r e d o f a l l
o b s t r u c t i o n and d e b r i s f o r a r e a s o n a b l e d i s t a n c e u p s t r e a m and
d o w n s t r e a m of the c ross s e c t i o n to be m o n i t o r e d . The l i m i t s o f
t h i s a r e a w a s p e r m a n e n t l y m a r k e d a n d t h e a r e a kep t c l e a r
th roughou t t he s tudy . S e c o n d a r y r e f e r e n c e s w e r e s i t e d a t each
loca t ion to subs tan t ia te f i x e d pos i t i ons o f gages and a l l o w exact
r e p l a c e m e n t I f v a n d a l i z e d .
F o r t h e p r o c e s s i n g o f c o n t i n u o u s l y r e c o r d e d d a t a E D P
u t i l i z e s an In-house computer d i g i t i z i n g sys tem fo r r e a d i n g a l l
s t r ip and c i r c u l a r charts. The d i g i t i z e r o f f e r s ex t reme read ing
p r e c i s i o n , w i t h a u t o m a t i c da ta t r a n s f e r t o a c o m p u t e r f i l e ,
e n a b l i n g both g rea te r r e a d i n g r e l i a b i l i t y a n d e l i m i n a t i o n o f
h u m a n data t rans fer errors. The d i g i t i z e r p r o g r a m m i n g Is such as
t o co r rec t a u t o m a t i c a l l y f o r z e r o d r i f t , t i m e c l o c k a n d span
v a r i a t i o n s . I n t h i s m a n n e r a l l r e c o r d e r I n f o r m a t i o n I s r a p i d l y
decoded and I Is ted for ana l ys i s .
C a l i b r a t i o n cu rves for a l l g a g i n g s ta t ions are entered on aa
s e p a r a t e c o m p u t e r f i l e . A n y f l o w reco rde r char t I s v i s u a l l y
screened by an expe r i enced reader, de-coded by the d i g i t i ze r and
raw da ta then l i s t ed . The raw d a t a I s then run th rough a f l o w
c a l i b r a t i o n p rog ram, t r a n s f o r m i n g l e v e l s t o a c t u a l f l o w . F l o w
c a l i b r a t i o n can be updated any t ime new I n f o r m a t i o n Is a v a i l a b l e
and the ent i re data f i l e re-read.
A l l p r ima ry data processed by EDP I n c l u d i n g the stream f l o w
i n f o r m a t i o n Is presented In Chapter S i x .
3.3 Cl I m a t l c £J2.±J3
3 - 3 . 1 Long Term R a l n f a I I Character 1 s t ies
The p u r p o s e o f t h i s t a s k I s t o p r o v i d e a s t a t i s t i c a l
assessmen t of the general me teo ro log i ca l cond i t i ons In the area
and to prepare a s u i t a b l e data base of me teo ro log i ca l I n fo rmat ion
for later use In the urban runo f f assessment a c t i v i t i e s .
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3.3.1.1 Methods
M a g n e t i c tapes c o n t a i n i n g u n e d i t e d p r e c i p i t a t i o n records
were obtained from the National C l i m a t i c Center, North Carol Ina.
One tape contained 10 years of the most recent hourly r a i n f a l l
records (1964-1973) for the f o l l o w i n g p r i m a r y gauge locations:
Logan Airport, Worcester, Mendon and B u f f u m v l l l e . The three gages
other than Worcester were a n a l y z e d to e n a b l e f i l l i n g In of any
m i s s i n g gaps In the Worcester record. It Is envisioned that only
t h e r a i n f a l l from t h e Worcester Station w i l l b e used I n t h e
r unoff ana Iyses.
The Worcester tape r e q u i r e d c a r e f u l e d i t i n g to detect
m i s s i n g gaps (less than .4% of the total record). Most often,
c u m u l a t i v e estimated end-of-the-storm totals were g i v e n for
m i s s i n g sequences of hourly records. Personal communications w i t h
the N a t i o n a l C l i m a t i c Center I n d i c a t e d that the h o u r l y gauges
were Inoperative d u r i n g these periods and estimates from nearby
gauges were used. In these cases, average i n t e n s i t i e s were
Inserted. The data f i l e for the Worcester station contained
approximately 1000 wet days spanning over the 10 year period. Any
precision errors I n v o l v e d In the e d i t i n g process are considered
negI I g I b I e .
The next phase of the computer analysis I n v o l v e d d e f i n i n g
discrete events from the continuous edited time series of hourly
precipitation records. A sequence of antecedent dry periods and
storm events were constructed In the f o l l o w i n g manner. A storm
was defined when the c u m u l a t i v e r a i n f a l l exceeded 0.05 inches of
rain. D u r i n g the f i r s t three hours of r a i n f a l l , If the h o u r l y
precipitation v a l u e s was less than 0.02 Inches, the precipitation
was i n c l u d e d In the total r a i n f a l l of the event but the p e r i o d s
were not I n c l u d e d In the d u r a t i o n of the storm event. A
separation In r a i n f a l l of a m i n i m u m of six hours d e f i n e d a new
storm. It was assumed that storms characterized by a total
r a i n f a l l of less than 0.05 Inches Just wet the system and w o u l d
cause l i t t l e If any, runoff. These periods were considered as
part of the antecedent conditions. The same assumption was made
w h e n the f i r s t three hours of r a i n f a l l were less than 0.02
I nches.
For every storm event, the f o l l o w i n g I n f o r m a t i o n was
computed :
1. the year, month and day the storm began;
2. the hour of day the storm began;
3. the length of the dry period preceding the storm event;
4. the total amount of r a i n f a l l In the storm event;
5. the total duration of the storm event;
6. the maximum hourly precipitation In the storm event; and
7. the hour of maximum rain w i t h i n the storm event;
S t a t i s t i c a l c o m p u t a t i o n s w e r e t h e n p e r f o r m e d o n t h e
f o l l o w i n g s ix storm event parameters for the Worces te r s ta t ion:
1. dry days;
2. total r a i n f a l l of the storm event (Inches);
3. duration of storm events (hours);
4. average Intensity of the storm event (Inches/hour);
5. maximum hourly r a i n In the storm Hnches/hr); and,
6. hour of maximum rain In the storm;
The storm events were grouped In the f o l l o w i n g d i f f e r e n t
manner:
1 . ent Ire "10 years;
2. I n d i v i d u a l years for 10 years; and
3. seasonal a n a l y s i s for
a. Nov., Dec,, Jan. ;
b. Feb., March, A p r i l ;
c. May, June, J u l y ;
d. August, Sept., Oct., and,
e. Recreational season from May through October.
The last seasonal grouping Is most Important since It t r u l y
represents meteoroIogfcaI characteristics that d i r e c t l y Impact
upon water qualIty/water uses In the Qu l n s l g a m o n d Basin.
3.3.1 .2 Results
T a b l e 3 - 4 p r e s e n t s a s u m m a r y o f t h e d a l l y r a i n f a l l
s ta t i s t i cs for the Worcester gage.
TABLE 3-4
D a i l y R a i n f a l l Statistics (In.) •
Mean St. Devn. C.V. MIn. Max. Median
Worcester 0.49 0.51 1.1 0.06 3.49 0.30
Figure 3-4 shows the c u m u l a t i v e p r o b a b i l i t y ptot for d a l l y
r a l n f a I I.
T a b l e 3-5 presents the y e a r l y recap of the antecedent dry
periods statistics for the Worcester Station. The y e a r l y means
ranged from 3.3 days In 1972 to 4.7 days In 1971. The mean va l u e s
are plotted In F i g u r e 3-5 and d e f i n i t e l y i n d i c a t e a s t a b l e
c y c l i c a l trend. Table 3-6 presents the yearly recap of the total
r a i n f a l l per storm event statistics. The average was lowest for
1965 and highest for 1972. The yearly means are plotted In Figure
3-5 and s h o w no d i s c e r n a b l e t rend pa t te rm. The a v e r a g e fo r the
_ en t i r e p e r i o d Is 0.56 I n c h e s per s torm. T a b l e 3 -7 p r e s e n t s the
I y e a r l y recap of the du ra t i on of the r a i n f a l l s ta t is t ics . The mean
• v a l u e s r a n g e d f r o m 7 .8 to 10.2 h o u r s w i t h an o v e r a l l a v e r a g e o f
8 .6 hours. The m e a n v a l u e s fo r the 10 year p e r i o d are p l o t t e d In
• Fi gure 3-5.
Tables 3-8, 3-9 and 3-10 present the y e a r l y recap of the
( average r a i n f a l l intensity, the average m a x i m u m Intensify and thehour of m a x i m a l r a i n f a l l occurrence, respectively. F i g u r e 3-6
gives the mean v a l u e y e a r l y plots for these parameters. The plots
_ In Fig u r e s 3-5 and 3-6 are somewhat I n s t r u c t i v e In terms of
• recent dry and w e t y e a r v a r i a t i o n s but are too short to be u s e f u l
™ In detecting c y c l i c a l short/I ong-term trends or any M a r k o v l a n
(temporal) correlative characteristics. These concerns w o u l d be( Important In e v a l u a t i n g potential generating m e c h a n i s i m s for useIn p r e p a r i n g long term synthetics records. The use of the
historic data mitigates these operational 1 problems.
The seasona l antecedent dry p e r i o d s u m m a r y s ta t i s t i cs of the
10 year per iod for Worcester Sta t ion are presented In T a b l e 3-11.
The o v e r a l l mean and m e d i a n for the ent i re pe r iod are 4.1 and 3.3
days , r e s p e c t i v e l y , i n d i c a t i n g a s a s y m e t r l c a l d i s t r i b u t i o n o f
e v e n t s . T h e o v e r a l l m e d i a n I m p l i e s that 5 0 ? o f a l l d r y p e r i o d s
b e t w e e n storms f a s t e d up to 3.3 days. The dry pe r i ods du r ing the
f a l l (Aug.-Oct) we re on the average a p p r o x l m a t e l y 20% longer than
those of the e n t i r e record. I t s h o u l d be noted that the dry
p e r i o d s d u r i n g both t he s u m m e r and f a l l m o n t h s can l a s t up t o
n e a r l y 3 w e e k s . F i g u r e 3 -7 g r a p h i c a l l y s h o w s the s e a s o n a l d ry
per t od var i at!ons.
T a b l e 3-12 p resen t s t he s e a s o n a l s t a t i s t i c s f o r to ta l
r a i n f a l l a t the Worcester station. The m i n i m a l average r a i n f a l l
occurrs du r ing the summer and the average r a i n f a l l for the autumn
aboutt e q u a l s the w i n t e r average. The o v e r a l l m e d i a n r a i n f a l l per
event I s 0.33 I nches . The s e a s o n a l mean v a r i a t i o n s a re s h o w n In
F igure 3-7.
T a b l e 3-13 s h o w s t h e s e a s o n a l s t a t i s t i c s f o r r a i n f a l l
d u r a t i o n . T h e d u r a t i o n o f s u m m e r a n d f a l l s t o r m s a r e a b o u t 4 0 %
shorter on the a v e r a g e than w i n t e r and s p r i n g s to rms. I t Is
Interest ing to note that the m e d i a n durat ion for the May through
October p e r i o d i s 3 . 8 hours w h i l e t h e s u m m e r m e d i a n I s o n l y 3 . 2
hours. F igure 3-7 s h o w s the g raph ica l compar i son of the seasona l
r a i n f a l l d u r a t i o n m e a n s t a t i s t i c s . I n T a b l e 3-14, t h e a v e r a g e
Intensi ty s ta t i s t i cs for the v a r i o u s c l i m a t i c pe r iods are g iven.
T h e s u m m e r - f a l l p e r i o d o f h i g h e s t a v e r a g e r a i n f a l l I n t e n s i t y
resu l t s p r i m a r i l y f r om the shorter dura t ion pe r i ods rather than
f r o m the lessor a m o u n t s o f to ta l r a i n f a l l ( s e e T a b l e s 3-11 and 3 -
13) . F i g u r e 3 - 8 s h o w s t h e s e a s o n a l p l o t o f m e a n a v e r a g e
Intens i ti es.
T a b l e 3-15 s h o w s the seasona l s ta t is t ics o f m a x i m a l hour ly
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r a i n f a l l I n t e n s i t i e s . T h e m e d i a n m a x i m a l I n t e n s i t y I s 0.11
I n c h e s / h o u r and Is 36 pe rcen t l e s s than the m e a n . A g a i n , the
m a x i m a l ave rage In tens i t i es occur red In the summer and f a l l and
w e r e 75 percent h igher than the w in te r and sp r i ng per iods.
T a b l e 3 -16 p r e s e n t s t h e s e a s o n a l s t a t i s t i c s o f t h e
occur rence w i t h i n the storm of m a x i m a l Intensi ty. On the average,
the mean Is 4.0 hours w h i l e the m e d i a n occurs be tween the second
and th i rd hours. For the rec rea t iona l per iod of May-October, the
m e d i a n l i e s be tween one and two hours, In tens i ty for 50% of these
e v e n t s I s l i t t l e over an hour. The p e a k s fo r the w i n t e r and
sp r i ng s to rms occur much later than the s u m m e r / f a l l peaks. F igu re
3-8 s h o w s the g r a p h i c a l p lo t of the mean l e v e l s .
F i g u r e 3 -9 s h o w s t he h i s t o g r a m s f o r t he an teceden t d r y
per iods and total r a i n f a l l fo r a l l events (10 years ) . R o u g h l y 32?
o f a l l p e r i o d s b e t w e e n s to rms ( 8 1 3 ) over t he 10 year p e r i o d
l a s t e d up to 2 d a y s and abou t 23? l a s t e d b e t w e e n 5 and 10 days .
The total r a i n f a l l h i s t og ram s h o w s that n e a r l y 16$ of a l l storms
has a total r a i n f a l l o f l e s s t han 0 .1 I nches . O n l y 10? o f the
s t o r m s d u r i n g t h i s p e r i o d e x c e e d e d a to ta l r a i n f a l l o f 1 .0
Inches.
F i g u r e 3-10 p resen ts t h e s i m i l a r h i s t o g r a m s f o r r a i n f a l l
d u r a t i o n ( h o u r s ) a n d a v e r a g e i n t e n s i t y ( I n c h e s / h o u r ) . T h i r t e e n
p e r c e n t of the s t o r m s l a s t e d one hour and 26% l a s t e d up to 2
hours. The a v e r a g e i n t e n s i t y h i s t o g r a m s s h o w s that t he a v e r a g e
in tens i ty for 49% of the storms Is l e s s than .05 inches w h i c h is
qu i te l ow . The o f ten heard e x p r e s s i o n about New E n g l a n d storms,
"...high f r e q u e n c y , l o w - I n t e n s i t y , shor t durat ion.. ." , I s f a i r l y
true of th Is data.
F i g u r e 3-11 presents the h i s tog ram of the m a x i m a l r a i n f a l l
I n tens i t y ( I nches /hou r ) and the h is togram of the hour of m a x i m a l
r a i n f a l l occu r rence . T h e m a x i m a l I n t e n s i t y w a s l e s s than O . I
inches/hour for n e a r l y 46% of al l events. The other h is togram Is
most i n t e r e s t i n g and Impo r t an t f r o m the s t a n d p o i n t o f u r b a n
runo f f control. M a x i m a l ra in occurred in the f i r s t storm hour for
a p p r o x i m a t e l y 290 out of 813 s to rm e v e n t s (35 .5$) . I t s h o u l d be
noted f r o m F i g u r e 3 -10 that o n l y 13? o f a l l s t o r m s had a d u r a t i o n
o f one hour w h i l e r o u g h l y 46% o f a l l s t o r m s l a s t e d up to 5
hours. The runof f pat terns i nd i ca te that " f t r s t - f l u s h " phenomena
can o f ten occur. A c c u m u l a t i o n s and p o l l u t a n t s g e n e r a l l y w a s h - o f f
and m o v e as the l e v e l o f the s t o r m i n c r e a s e s . I t a p p e a r s that
u r b a n r u n o f f c o n t r o l s t r a t e g i e s w i l l b e s l a n t e d t o w a r d s
poI Iu tant -or iented techn iques ( rap Id s o l i d s capture) v e r s u s major
runof f control ( v o l u m e o r ien ted) dev i ces .
F i g u r e 3 - 1 2 s h o w s a c o m p a r i s o n o f t h e o v e r a l l m e a n
s t a t i s t i c s w i t h t h e M a y - O c t o b e r m e a n s t a t i s t i c s f o r t h e s i x
r a i n f a l l p a r a m e t e r s . T h e a n t e c e d e n t d r y p e r i o d s a n d to ta l
r a i n f a l l a r e n e a r l y t h e same. T h e r e c r e a t i o n a l p e r i o d r a i n f a l l
d u r a t i o n I s s o m e w h a t shor ter w h i l e t h e a v e r a g e a n d t h e m a x i m a l
In tens i t ies are greater. The hour w h e n m a x i m a l r a i n f a l l occurs Is
about an hour shorter on the average .
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TABLE 3-5 ,
Worcester Station
Yearly Rainfall Statistics
Antecedent Dry Days
3eriod
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1964 - 1973
No. of
Events
73
75
72
94
82
74
83
73
101
86
813
Mean
4.6
4.5
4.8
3.6
4.1
4.5
4.0
4.7
3.3
3.9
4.1
Std. Devn.
3.9
4.1
3.7
2.9
3.8
4.5
3.4
3.8
2.5
3.4
3.6
Coef. Var.
0.8
0.9
0.8
0.8
0.9
1.0
0.9
0.8
0.8
0.9
0.9
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
TABLE 3-6 .
Worcester Station
Yearly Rainfall Statistics
Total Rainfall (inches)
Period
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1964-1973.
No. of
Events
73
75
72
94
82
74
83
73
101
86
813
Mean
0.50
0.41
0.55
0.53
0.56
0.61
0.48
0.59
0.70
0.66
0.56
Std. Devn.
0.47
0.42
0.59
0.65
0.69
0.62
0.64
0.54
0.75
0.71
0.63
Coef. Var.
0.9
1.0
1.1
1.2
1.2
1.0
1.3
0.9
1.1
1.1
1.1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
TABLE 3'7
Yearly Rainfall Statistics
Worcester Station
Duration (hours)
Period
1964 !
1965 j
1966
1967
1968
1969
1970
1971 -
1972
1973
1964-1973
No. of
Events
73
75
72
94
82
74
83
73
101
86
813
Mean
9.4
7.4
8.4
8.5
8.9
10.2
7.6
9.0
8.8
7.8
8.6
Std. Devn.
7.7
7.4 '
8.0
8.6
8.3
9.3
7.9
7.8
8.1
7.6
8.1
Coef. Var.
0.8
1.0
0.9
1.0
0.9
0.9
1.0
0.9
0.9
1.0
0.9
I
I
I
I
I
I
I
TABLE 3-8
Worcester Station
Yearly Rainfall Statistics
Average Intensity (inches/hr)
Period
1964 :
1965 ;
1966 1
1967
1968
1969
1970 '
1971 :
1972
1973
1964-1973 '
No. of
Events
73
75
72
94
82
74
83
73
101
86
813
Mean
0.08
0.08
0.09
0.08
0.07
0.07
0.08
0.10
0.11
0.10
0.08
Std. Devn.
0.1
0.07
0.09
0.06
0.05
0.06
o.n
0.10
0.20
0.08
0.10
Coef. Var.
1.2
0.9
1.0
0.8
0.7
0.9
1.4
1.0
1.8
0.8
1.2
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
TABLE 3-9
Worcester Station
Yearly Rainfall Statistics
Max. Hourly Rainfall (inch/hr)
Period
1964 |
1965 i
1966
1967
1968
1969
1970
1971
1972
1973
1964-1973
No. of
Events
73
75
72
94
82
. 74
83
73
101
86
813
Mean
0.15
0.13
0.15
0.16
0.15
0.16
0.14 •
0.20
0.22
0.21
0.17
Std. Devn.
0.15
0.12
0.15
0.15
0.17
0.16
0.16
0.19
0.30
0.19
0.19
Coef. Var.
1.0
0.9
1.0
0.9
1.1
1.0
1.1
1.0
1.4
0.9
1.1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
TABLE 3-10
Worcester Station
Yearly Rainfall Statistics
Hour of Max. Rainfall
Period
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1964-1973
No. of
Events
73
75
72
94
82
74
83
73
101
86
813
Mean
4.5
3.3
3.4
3.9
4.1
5.2
3,5
4.0
3.8
. 4.6
4.0
Std. Devn.
4.2
3.8
3.8
5.0
4.4-
6.3
3.9
4.2
4.4
5.7
4.7
Coef. Var.
0.9
1.2
1.1
1.3
1.1
1.2
1.1
1.1
1.2
1.2
1.2
TABLE 3-11
 :
Worcester Station
Seasonal Rainfall Statistics
Data from 1964 through 1973
Antecedent Dry Days
Period
Nov., Dec., Jan.
Feb., Mar., Apr.
May, June, July
Aug., Sept. ,0ct.
May through Oct
Overall
No. of
Observ.
217
186
233
177
.410
813
Mean
3.9
4.3
3.6
4.9
4.2
4.1
Std. Devn.
3.7
3.3
3.4
4.0
3.7
3.6
Coef. Var
' 0.9
-- 0.8
0.9
0.8
0.9
0.9
Median
3.0
3.5
2.7
4.0
3.3
3.3
Max.
23.2
17.6
21.2
22.5
22.5
23.2
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
TABLE 3-12
Worcester Station
Seasonal Rainfall Statistics
Data from 1964 through 1973
Total Rainfall (inches) _
Period
Nov.
Feb.
May,
Aug.
May
,Dec.
,Mar.
.June
,Sept
thru
, Jan
,Apr.
.July
..Oct.
Oct.
Overall
No. of
Observ.
217
186
233
177
410
813
Mean
0.
0.
0.
0.
0
0.
57
61
51
58
54
56
Std.
0.
0.
0.
0.
0.
0.
Devn.
58
66
58
70
63
63
Coef .
1
1
1
1
1
1
Var
.0
.1
.1
.2
.2
.1
. Median
0.38
0.38
0.30
0.30
0.30
0.33
Max.
3.02
4.91
3.54
4.01
4.01
4.91
TABLE 3-13
Worcester Station
Seasonal Rainfall Statistics
Data from 1964.through 1973
Rainfall Duration (hours)
•
Period
Nov. , Dec., Jan.
Feb. ,Mar. ,Apr.
May, Jun, July
Aug. ,Sept. ,0ct.
May through Oct.
Overall
No. of
Observ.
217
186
233
177
410
813
Mean
10.7
10.6
6.9
6.2
6.6
8.6
Std. Dev.
8.2
8.2
8.0
1.7
7.5
8.1
Coef. Var.
0.8
0.8
1.2
1.1
1.1
..0.9
Mean
8.4
9.2
3.2
3.9
3.8
6.4
Max.
37
39
46
46
46
46
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
TABLE 3-14
Worcester Station
Seasonal Rainfall Statistics
Data from 1964 through 1973
Average Intensity (inch/hr)
No. Of
Period Observ.
Nov., Dec., Jan
Feb. ,Mar. ,Apr.
Kay, June, July
Aug. ,Sept. ,0ct.
May through Oct.
Overall
217
186
233
177
410
813
Mean
0
0
0
0
0
0
.06
.06
.10
.12
.11
.08
Std.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
Devn.
04
04
14
13
13
1
Coef
0
0
1
.1
1
1
. Var
.7
.6
.3
.1
.2
.2
. Median
0
0
0
0
0
0
.05
.05
.08
.08
.08
.06
Max.
0.26
0.21
1.85
0.72
1.85
1.85
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
TABLE 3-15
Worcester Station
Seasonal Rainfall Statistics
Data from 1964 through 1973
Maximum Intensity (inch/hr)
f
Period
Nov. ,Dec. , Jan.
Feb. ,Mar. ,Apr.
May, June, July
Aug., Sept., Oct.
May through Oct.
Overall
No. of
Observ.
217
186
233
177
410
813
Mean
0.12
0.12
0.21
0.21
0.21
0.17
Std. Devn.
0.11
0.10
0.25
0.20
0.23
0.19
Coef. Var.
• 0.9
0.8
1.2
1.0
1.1
1.1
Median
0.10
0.09
0.13
0.14
0.13
0.11
Max.
0.6
0.6
1.79
1.06
1.79
1.79
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
TABLE 3-16
Worcester Station
Seasonal Rainfall Statistics
Data from 1964 through 1973
Occurrence of Maximal Intensity
Within Storm (hr)
No. of
Period Observ.
Nov. ,Dec. ,Jan.
Feb. ,Mar. ,Apr.
May,June,July
Aug. , Sept., Oct.
May through Oct.
Overall !
217
186
233
177
410
813
Mean.
4.9
4.9
3.1
3.3
3.2
4.0
Std. Devn.
5.3
5.1
3.7
4.1
3.9
4.7
Coef. Var. Median
1.1
1.1
1.2
1.2
1.2
1.2
3.0
3.2
1.2
2.0
1.3
2.2
. Max.
28
33
24
32
32
33
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
3.3.2 O u 1 n s 1 g a m o n d A rea R a I n g a g 1 ng
I n s t u d i e s r e q u i r i n g t h e u s e o f c o n t i n u o u s r e c o r d i n g
ra lngages EDP uses two types; 1) a c c u m u l a t i n g gages w i t h Integral
recorder and 2) t i p p i n g bucket type gages w i t h separa te recorder.
Al l r a l ngages are as tested and approved by the Na t i ona l O c e a n i c
and A t m o s p h e r i c A d m i n i s t r a t i o n ( N O A A ) . A c c u m u l a t i n g gages are as
manu fac tu red by Be l f o r t Inst ruments Company , s i n g l e span, 6 Inch
r a n g e , c a p a b l e o f 8 d a y o r 2 4 hour c y c l e . T i p p i n g B u c k e t
I n s t r u m e n t s a re as m a n u f a c t u r e d by T e x a s E l e c t r o n i c s m o d e l TR
6118-1L and recorders manu fac tu red by EDP, Inc. The a c c u m u l a t i n g
g a g e w a s used a s t h e p r i m a r y gage f o r Q u l n s l g a m o n d . T h e t i p p i n g
bucket gages we re used for backup purposes. The gage loca t ion was
at the Red Cross S t a t i o n near the Rt . 9 s a m p l i n g s t a t i o n s ( s e e
f Igure 3-3) .
F o r t h e Q u l n s l g a m o n d s t o r m w a t e r m o n i t o r i n g p r o g r a m w h e r e
m a x i m u m reso lu t ion was requ i red a l l d e v i c e s we re operated on a 24
hour r e c o r d i n g c y c l e . The m a x i m u m r e a d a b i l I t y o f bo th t y p e s o f
ra lngages Is to 0.01 Inches rain.
A f t e r I n i t i a l I n s t a l l a t i o n a n d c a l i b r a t i o n u s i n g t h e
manu fac tu re r ' s recommended procedures, the f o l l o w i n g steps w e r e
taken to ensure the cons i s tency of v a l i d data c o l l e c t i o n .
1 ) The ra lngages w e r e f i e l d re - ca l i b ra t i ng u s i n g k n o w n water
v o l u m e s on a w e e k l y b a s i s . Any ze ro o r I i n e a r l t y d r i f t w e r e no ted
on the f i e l d Iogs.
2 ) A l l p e r s o n n e l s e r v i c i n g t h e e q u i p m e n t h a d t ho rough
e x p e r i e n c e I n t h e u s e o f t h e e q u i p m e n t . A n y q u e s t i o n a b l e
o p e r a t i o n o r s y m p t o n e n c o u n t e r e d w a s i m m e d i a t e l y r e f e r r e d t o
q u a l i f i e d personnel and recorded In the permanent log book.
3 ) A n c i l l a r y e q u i p m e n t s u c h a s b a t t e r i e s a n d cha r t paper
was checked a t each v i s i t fo r s u i t a b l e cond i t ion .
EDP u t i l i z e s an I n - h o u s e c o m p u t e r d i g i t i z i n g s y s t e m fo r
r e a d i n g a l l s t r i p a n d c i r c u l a r c h a r t s I n c l u d i n g r a l n g a g e
r e c o r d i n g c h a r t t s . T h e d i g i t i z e r o f f e r s e x t r e m e r e a d i n g
p r e c i s i o n , w i t h a u t o m a t i c data t r a n s f e r to a compu te r f i l e ,
e n a b l i n g both g rea ter r e a d i n g r e l i a b i l i t y a n d e l i m i n a t i o n o f
human data t ransfer errors. The d i g i t i ze r p r o g r a m m i n g Is such as
to cor rec t a u t o m a t i c a l l y f o r ze ro d r i f t , t i m e c l o c k and s p a n
v a r i a t i o n s . I n th i s m a n n e r a l l r eco rde r i n f o r m a t i o n I s r a p i d l y
decoded and l i s t e d fo r a n a l y s i s .
A l l ra in records o f storm events w e r e processed us ing EDP's
d i g i t i z i n g p r o c e s s i n g s y s t e m . R e s u l t s o f r a i n f a l l , a n d a l l
p r imary data p rocess ing a c t i v i t i e s are presented In Chapter 6.
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CHAPTER 4
PRELIMINARY ASSESSMENT OF LOADS
T h i s chap te r p r e s e n t s t h e s t o r m w a t e r s i m u l a t i o n m o d e l
deve loped fo r p r e l i m i n a r y assessment o f Lake Q u l n s i g a m o n d l o a d i n g
f a c t o r s , a n d t h e m o d e l i n g s t r a t e g y p l a n n e d f o r t h e L a k e
Q u l n s l g a m o n d project. The se lec t ion of mode l parameters and the
r e s u l t i n g p r e l i m i n a r y l o a d i n g f a c t o r s f o r BOD, COD, Tota l
Nitrogen and Total Phosphorus are a l s o presented.
4 .1 S l m u I a t l o n Model Ing Strategy
The ove ra l l conceptua l d e s i g n s t ra tegy of the Q u l n s l g a m o n d
s to rm r u n o f f s u b - p r o g r a m h i n g e s to a l a rge ex ten t on how wet
w e a t h e r p h e n o m e n a a r e t o b e f o r m a l l y t r e a t e d a n d m o r e
I m p o r t a n t l y , w h e t h e r t h e p l a n n i n g e f f o r t w i l l s a t i s f y w a t e r
q u a l i t y - o r i e n t e d control st rategies. P l a n n i n g storm d ra in sys tems
fo r l o c a l i z e d f l o o d p r o t e c t i o n a s s u m e s a d i f f e r e n t se t o f
o b j e c t i v e s , p r o c e d u r e s and o r i en ta t i on . I t I s e n v i s i o n e d that
both a s p e c t s w i l l b e a d d r e s s e d I n t h e p l a n n i n g s tudy , b u t t h e
p r i m a r y th rus t a n d e m p h a s i s w i l l center o n w a t e r q u a l i t y
concerns.
N o r m a l l y , f a c i l i t i e s s u b j e c t t o r a n d o m h y d r o l o g t c
f l u c t u a t i o n s are d e s i g n e d to h a n d l e a s to rm of an a s s u m e d
durat ion and f requency. W h e n th is procedure Is a p p l i e d to water
q u a l i t y management, / t Is tac i t ly a s s u m e d that a des i red degree
o f w a t e r q u a l i t y p r o t e c t i o n I s e q u a t a b l e w i t h a l e v e l o f f l o o d
p ro tec t i on or u r b a n d r a i n a g e . S u c h an a p p r o a c h may l e a d to a
m l s a l l o c a t l o n o f resources. The des igns for e f f e c t i v e h y d r a u l i c
con t ro l o f e x t r e m e h y d r o l o g l c e v e n t s may be s u b s t a n t i a l l y
d i f f e r e n t f r o m those f o r con t ro l o f e m i s s i o n s f r o m s l i g h t ' o r
m o d e r a t e s to rms. The s e l e c t i o n o f a d e s i g n s t o r m fo r w a t e r
q u a l i t y a n a l y s i s Is d i f f i c u l t and poor l y understood. I t I m p l i e s a
k n o w l e d g e o f the b e n e f i t s to the c o m m u n i t y that w o u l d ensue. A
more direct app roach to th i s d l l e m a w i l l be used.
T h e I d e a I s t o s u b j e c t s y s t e m s d i s c h a r g i n g In to L a k e
Q u l n s l g a m o n d to a broad spec t rum of meteor log lc events, f i n d the
c o n s e q u e n c e s f o r each even t , a n d then s u m m a r i z e a l l r e s u l t s I n
t e r m s o f v a r i o u s o v e r a l l p e r f o r m a n c e c h a r a c t e r i s t i c s . T h e
c o m p a r a t i v e a d v a n t a g e s o f the a l t e r n a t i v e s can be a s s e s s e d In
t e rms of the o v e r a l l p e r f o r m a n c e under a g reat v a r i e t y o f
d i f f e r e n t condit ions. T h i s approach r e l i e v e s the d e c i s i o n maker
f rom the burden of connect ing a r b i t r a r i l y chosen f r equency l e v e l s
of storms w i t h the co r respond ing system per fo rmances .
T h e I dea o f t h e r u n o f f s i m u l a t i o n m o d e l u t i l i z e d I n t h i s
s tudy Is r e l a t i v e l y s t r a i g h t f o r w a r d . F i rs t , a t h e o r e t i c a l
s i m u l a t i o n o r m o d e l o f t h e u r b a n s y s t e m s I n t h e a r e a I s
d e v e l o p e d so as to c a p t u r e the s a l i e n t f e a t u r e s of e a c h a,rea.
Next, a l ong t i m e s e r i e s o f m e t e o r o l o g i c a l e v e n t s a re routed,
sequent ia l ly , through the model and the r esu l t s of each s i m u l a t e d
event are recorded. W h e n the per iod of s i m u l a t i o n Is completed,
the resu l t s are tabu la ted In terms of s ta t i s t i ca l moments and/or
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hIs togram s . T h l s operat ion q u a n t i f i e s t he s ta t i s t i ca l propert ies
o f t h e p r o b a b i l i t y d i s t r i b u t i o n o f t h e s t o c h a s t i c s y s t e m
responses. Thus, the model permi ts a study of the t rans fo rmat ion
of a se r i es of random Input states of nature ( r a i n f a l l , dry days,
etc.) Into an output s e r i e s o f s y s t e m r e s p o n s e s ( r u n o f f v o l u m e s
and po l l u tan t l oads ) .
The s e l e c t i o n o f the s i m u l a t i o n s a m p l e s i z e d e p e n d s on a
host of f ac to rs . For one th ing, I f the s y s t e m Is a f f e c t e d by
Inpu ts c h a r a c t e r i z e d by v e r y l i t t l e r a n d o m v a r i a b i l i t y , then
the per iod of s i m u l a t i o n can be modest. For the p rob lem at hand,
t he o p p o s i t e f s true. U r b a n r u n o f f I n t he CMPRC a rea I s j o i n t l y
a f f ec ted by three ex t reme ly v a r i a b l e Inputs, n a m e l y , the length
o f the a n t e c e d e n t d ry p e r i o d , the r a i n f a l l I n tens i t y and the
d u r a t i o n o f the storm. A l o n g p e r i o d o f r e c o r d e x h i b i t i n g m a n y
d i f f e r e n t c o m b i n a t i o n s o f these random v a r i a b l e s I s t h e r e f o r e
desI red.
A c o m m o n a p p r o a c h to t h i s p r o b l e m Is to use l o n g t r a c e s of
synthet ic records generated by Monte Ca r l o re la ted methods. The
I d e a I s f a i r l y s t r a i g h t f o r w a r d . I t b e g i n s b y c o m p u t i n g
s ta t is t ica l moments and pert inent proper t ies of a g i v e n trace of
h i s t o r i c a l record, pos tu la t i ng a genera t ing m e c h a n l s m ( s ) and then
us ing a computer to generate random numbers for comput ing a long
t ime se r ies o f a r t i f i c i a l r a i n f a l l records that possess the same
o v e r a l l s t a t i s t i c a l c h a r a c t e r i s t i c s o f t he o r i g i n a l record.
A c c e p t a n c e o f t he a p p r o a c h by l a y m e n I s g e n e r a l l y d i f f i c u l t .
Furthermore, adequate cha rac te r I za t I on of the I r r egu la r i t i e s of
summer and f a l l thundershower a c t i v i t i e s I s d i f f i c u l t . Moreover,
the data reduc t ion and the p re requ is i te In terpretat ive In fe rence
test ing of w h i c h generat ing m e c h a n i s m ( there are m a n y ) to use Is
e x p e n s i v e . A d i r e c t and p r a g m a t i c a p p r o a c h is to use a f a i r l y
l o n g p e r i o d o f a c t u a l h i s t o r i c a l e v e n t s f o r t h e s i m u l a t i o n
study.
It Is a s s u m e d that the c o m b i n a t i o n s of random events, i.e.,
Intense storms after long dry pe r iods Inherent In the histor l ea l
record, w i l l be adequate and s u f f i c i e n t for tes t ing the o v e r a l l
robustness of d i f f e r e n t control con f i gu ra t i ons . T h i s approach Is
ex t remely at t ract ive s ince actual loca l weather cond i t i ons are
used to test ou t a l t e r n a t i v e s that w i l l u l t i m a t e l y I n v o l v e l oca l
monIes .
4.2 Stormwater R u n o f f S I m u I at I on Mode I
4 .2.1 Mode I O v e r v I e w
T h i s s e c t i o n d e s c r i b e s a p r e d i c t i v e tool u s e d fo r the
e s t i m a t i o n o f the q u a n t i t y and some a s p e c t s o f the q u a l i t y o f
runof f f r om s m a l l wa te rsheds w i t h v a r i o u s categor ies o f urban and
non-urban l a n d uses. The wa te r q u a l i t y parameters I n c l u d e d are
b i o c h e m i c a l o x y g e n d e m a n d (BOD) , c h e m i c a l o x y g e n d e m a n d ( C O D ) ,
total n i t r o g e n In t e r m s o f e l e m e n t a l n i t r ogen (N) and tota l
phosphorus, measured In un i ts of phosphorus.
R u n o f f v o l u m e s a r e c a l c u l a t e d u s i n g t h e r a t i o n a l f o r m u l a .
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Hour l y rates o f runo f f f r om the s m a l l e r segments Into w h i c h the
w a t e r s h e d Is s u b d i v i d e d a re a d d e d In order to o b t a i n the h o u r l y
runof f f r o m the w h o l e wa te r shed . The use of the ra t iona l f o r m u l a
Is u s u a l l y l i m i t e d to e s t i m a t i o n of r uno f f f r om areas no larger
than 6 square m i l e s , a l i m i t adhered to In th is a n a l y s i s .
For the Lake Q u l n s l g a m o n d b a s i n the s i m u l a t i o n program
a n a l y s e s s e v e n I n d e p e n d e n t s u b - b a s i n s ( s e e f i g u r e 3-2) . T h e s e
m o d e l c e l l s a re a n a l y z e d one a t a t ime . T h r o u g h e a c h c e l l t he
Inputed s torms are routed, d e t e r m i n i n g for each storm the total
and m a x i m u m hour runo f f , po l l u tan t mass l o a d s and concentrat ions.
The average and s tandard dev ia t i on of these v a l u e s , computed over
a larger number of storms, are then de te rm ined for each c e l l .
The b a s i c e q u a t i o n s fo r t he p r e d i c t i o n s o f r u n o f f as
w e l l as p o l l u t a n t loads a c c u m u l a t i o n and w a s h o f f a re the same as
those of the m o d e l "STORM" (1 ) . The s t r u c t u r e s of the two
programs, as w e l l as their c a p a b i l i t i e s a re neve r the less en t i r e l y
d i f f e ren t , the present program be ing much s i m p l e r than "STORM".
The o b j e c t i v e p u r s u e d I n I t s d e v e l o p m e n t was p r e c i s e l y that o f
c r e a t i n g a p r e d i c t i v e m e c h a n i s m fo r t he a n a l y s i s o f non -po in t
source p o l l u t i o n that w o u l d be s i m p l e r to use, l ess e x p e n s i v e to
run and yet produce r e s u l t s In terms of es t ima ted loads e m i s s i o n
and concent ra t ions w i t h a degree of r e l i a b i l i t y s i m i l a r to that
of model STORM. It Is worth not ing that the program deve loped for
t h i s e f f o r t c a n t reat t h e a r e a l d e p o s i t i o n l o a d i n g s d u r i n g d r y
wea the r In ei ther a d e t e r m i n i s t i c mode ( f i x e d v a l u e ) l i k e model
" S T O R M " o r I n a s t o c h a s t i c f a s h i o n ( r a n d o m l y v a r y i n g ) .
P r e l i m i n a r y a s s e s s m e n t s f o r r u n o f f t o L a k e Q u l n s l g a m o n d w e r e
determined us ing f i xed , non-stochast ic a c c u m u l a t i o n factors.
T h e p r o g r a m u s e s a v a r f e t y o f p a r a m e t e r s t o
cha rac te r i ze the Q u l n s l g a m o n d bas in , I n c l u d i n g :
- The types of land uses to be cons idered ;
- The area of each I n d i v i d u a l d ra i nage segment and the
f rac t ions of the d i f f e r e n t l a n d uses f o u n d In each one of them.
- The types of po l l u t an t s to be cons idered ;
- Mean v a l u e s o f a c c u m u l a t i o n f a c t o r s f o r u rban l a n d
uses or average runo f f concen t ra t ions for non-urban land uses;
- R a i n f a l l In format ion, storm by storm, c o n s i s t i n g of
total r a i n f a l l d u r a t i o n , n u m b e r o f a n t e c e d e n t d ry d a y s , t he
amount of p rec ip i ta t ion du r i ng the hour of m a x i m u m Intensi ty and
t h e hour w i t h i n t h e s t o r m w h e n t h e m a x i m u m p r e c i p i t a t i o n took
pI ace;
- The c o e f f i c i e n t o f d e p r e s s i o n s to rage fo r u r b a n and
non-urban l a n d uses and d a l l y rate of evapo t ransp I rat I on; and
- The f rac t i ons of Imperv ious area per l a n d type.
Fo r e a c h o f s e v e n s u b - b a s i n s e g m e n t s t he v a l u e s o f r u n o f f
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and the l oads and concent ra t ions for a g i v e n d ra inage segment are
d e t e r m i n e d f o r e a c h s to rm a n d f o r e a c h p o l l u t a n t . R u n o f f l o a d s
and c o n c e n t r a t i o n s a re c a l c u l a t e d fo r the e n t i r e s to rm and In
add i t ion , for the m a x i m u m hou r l y prec ip i ta t ion. From the va r ious
t i m e s e r i e s o f c o m p u t e d r u n o f f a n d l o a d i n g s t h e p r o g r a m
determines the mean and s tandard dev ia t i on of runo f f , po l l u tan t
l o a d s and c o n c e n t r a t i o n s over the n u m b e r o f s to rms. In the s a m e
w a y , the ser ies of m a x i m u m hour runo f f s , m a x i m u m hour ly loads and
c o n c e n t r a t i o n s , p o l l u t a n t by p o l l u t a n t , a re u s e d to d e t e r m i n e
thelr mean va Iues .
T a b l e s o f m e a n v a l u e s a n d t h e m e a n p l u s th ree t i m e s t h e
s t a n d a r d d e v l a t o n ( 3 S D ) o f o v e r a l l s to rm r u n o f f , l o a d s a n d
concentrat ions together w i t h the m a x i m u m hour ly mean s ta t i s t i cs
are p r in ted In t abu la r fo rm.
4.2.2 R u n o f f Quan t i t y
The b a s i c e q u a t i o n s f o r t he p r e d i c t i o n o f r u n o f f q u a n t i t y ,
as w e l l as q u a l i t y , a re t he s a m e as those used i n mode l S T O R M
o n l y that they a r e a p p l i e d here f o r d i f f e r e n t t i m e I n te r va l s .
R u n o f f s a n d l o a d s f o r bo th u r b a n a n d n o n - u r b a n a r e a s a r e
c a l c u l a t e d fo r th ree d i f f e r e n t s tages o f the s to rm. The Input
data on each storm Is:
.TOT total depth of r a i n f a l l du r i ng
= durat ion of the storm (h r ) ;
the storm ( i n )
max
Tmax
= n u m b e r o f d ry d a y s a n t e c e d l n g the s torm
( d a y ) ;
= depth of p rec i p i t a t i on dur ing the hour of m a x i m u m
p rec ip i t a t i on ( I n ) ; and,
=hour w i t h i n the storm w h e n m a x i m u m p rec ip i ta t i on
took pI ace. .
T h i s I n f o r m a t i o n a l l o w s t h e s e p a r a t i o n o f a n y s to rm Into
three s e g m e n t s , n a m e l y , p r e c i p i t a t i o n b e f o r e m a x i m u m hour,
d u r i n g m a x i m u m hou r a n d a f t e r m a x i m u m hour . F i g u r e 4 - 1
I l l u s t r a t e s a f ew p o s s i b l e c a s e s that can occur. The a v e r a g e
p rec ip i t a t i on outs ide the hour of m a x i m u m r a i n f a l l Is g i v e n by:
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(PTOT -Pavg = „„_„ (In/hr)
The time durations Tj indicated In Figure 4 are given by:
Ti = TMAX " 1'°
T2 = 1.0 . (2)
13 = T-TMAX
F o r e a c h o n e o f t h e t h r e e p h a s e s d e f i n e d a b o v e , t h e
f o l l o w i n g equat ions app l y .
The urban runo f f over a p o l i t i c a l segment for any phase I of
the storm Is computed by:
Rui = cu <PI*TI-DU|) c 1 = 1,3) (3)
where:
R
uj = urban runoff In Inches over the urban area;
Cu = composite urban runoff coefficient that depends
on the urban l a n d uses In p o l i t i c a l segments;
Pj = r a i n f a l l In Inches/hr over the area. Pj=Pmax
at the hour of maximum precipitation and P| = Pavq
otherwlse;
T| = time duration of phase I of the storm, (hours); and,
D I = a v a i l a b l e urban depression storage (inches).
The composite runoff coefficient in turn Is given by:
Cu = Cp + CCimp-Cp) j=| XjFj (4)
where: C = runoff coefficient for pervious surface;
CjmD = runoff coefficient for Impervious surfaces;
X- = area of the p o l i t i c a l segment w i t h l a n d use j;
FJ = fraction ($) of l a n d use J that Is Impervious; and,
J
L = total number of urban I and uses.
Rains occurlng d u r i n g the early part of a storm are retained
In the vegetable cover and In surface puddles, ditches, and other
depressions In the soil surface. This v o l u m e of retained r a i n f a l l
Is designated by the general term, "depression storage".* The
amount of depression storage a v a i l a b l e at any point In time Is a
function of past r a i n f a l l and evaporation rates. This function Is
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computed continuously by the f o l l o w i n g expression:
Dul = Dou + Nd * K I=1 Dul " Dumax (5)
where:
DQU = a v a i l a b l e urban depression storage at the end
of previous r a i n f a l l (Inches);
Njj = number of dry days since previous r a i n f a l l ;
K = recession factor representing the recovery
(evaporation) of depression storage (Inches/day);
and,
Dumax = maximum a v a i l a b l e urban depression storage (Inches).
Depression storage Is also updated for each phase of the
storm (I = 1-3).
Runoff from non-urban areas is computed by u s i n g the same
equation defined for the urban runoff except for non-urban
areas the fractions Fj In equation 4 are all equal to
zero resuIti ng In:
Cn = cp
w h e r e C Is an Input v a l u e . For the n o n - u r b a n r u n o f f ,
equat ions 3 through 5 become:
— __ — _ _ _ _ _ ___ (
*SIIght l e v e l s of r a i n f a l l had already been deleted from r a i n f a l l
records used here (see Chapter 3.3). The n o m i n a l depression
storage coefficients were reduced to reflect this adjustment.
"nl = Cn ,*P|«T|-Dn, (1-1,3) (6)
Cn = Cp (7>
Dnl= Don + Nd * K Dn - Dnmax 1=1 (8)
In e q u a t i o n 6 through 8, the v a r i a b l e s have the same m e a n i n g
I n d i c a t e d p r e v i o u s l y w i t h "n" now s t a n d i n g for "non-urban" In
p l a c e of the "u". A g a i n , depression storage Is updated for each
phase of the storm.
4.2.3 Runoff O u a l I t y
As In model STORM the deposition of the different pollutants
In urban areas Is correlated w i t h the d e p o s i t i o n of dust and d i r t
over the area. The runoff q u a l i t y Is d e f i n e d by BOD, COD, total
nitrogen and total p h o s p h o r u s and Is c a l c u l a t e d for the three
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LU
PPU, = (PUj^, + Nd * Dj^ , * Aj (9)
where:
PPU | = total pounds of p o l l u t a n t I on u r b a n l a n d use at the
b e g i n n i n g of the storm;
I pounds of p o l l u t a n t
t at the end of last storm;
I
_ phases of the storm as follows:
A.Urban Pollutant Accumulation Between Storms, PPU,
i
i
PU i j = tota   I r e m a i n i n g on urban l a n d use
v ' _ _ i _ _ i _ t _ _ L _ _ i ^ . £ i _ i_ _ i . ^  __
~ NQ = number of dry days since last storm;
I D t | = deposition coefficient of p o l l u t a n t I. on l a n d use type j,in pounds per u n i t area per day;
mm A i = area of land use type j;
LU = total number of urban l a n d uses,
± "*
• Noeffectsof street sweeping Is accounted for In the program.
• - B. Urban P o l l u t a n t Washoff: computed at each phase I by:
WU M= PPU,*U-e"Eu*RuI) (1 = 1,3) (10)
I ' where:
W U j j = washoff of p o l l u t a n t I In pounds over the time
• period T, ;
EU = urban washoff decay coefficient; and,i Tf = t ime durat ion of phase I of the storm.
No t i ce f r o m e q u a t i o n 3 that R y , I n c l u d e s a l l r u n o f f f o r
per iod T f .
loads of po l l u tan t I on so i l are updated by:
P P U ( > ] = PPU| , i - | - WU ( j ( 1=1 ,3 ) ( 1 1 )
• At the end of each p h a s e I of the s torm, the r e m a i n i n g
When 1=1, PPU|
 o on the r ight hand s ide of equat ion 11
_ Is g iven by equat ion 9.
^ For non -u rban a r e a s I n c l u d i n g pa rk l a n d s the concep t o f
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p o l l u t a n t a c c u m u l a t i o n s i s c o n s i d e r e d I n a p p r o p r i a t e . I ns tead
average po l l u t an t concent ra t ions are assumed for r u n o f f waters .
A c c u m u l a t i o n factors for urban l a n d uses and average runo f f
c o n c e n t r a t i o n fo r non -u rban l a n d uses a re p r e s e n t e d In s e c t i o n4 • j.
4.3 M.odel Hydrp lpg ic .and Pol lu t lon Accumu l a t f o n
4.3.1 H y d r o l o g I c Parameters
T a b l e 4-1 s u m m a r i z e s the h y d r o ! o g l e parameters used In th is
study. The runof f coef f i c ien ts are n o m i n a l l e v e l s used In runoff
s t ud i es . T h e s u r f a c e s to rage d e p r e s s i o n c o - e f f i c i e n t s s h o w n I n
T a b l e 4-1 w e r e reduced by 50% f rom n o m i n a l l i te ra ture l e v e l s to
r e f l e c t t h e f a c t that e a r l i e r I n t h e r a i n f a l l a n a l y s i s (see
Chapter 3.3) s l i g h t s t o r m s w e r e e x c l u d e d f r o m the even t se t
c o n s i d e r e d I n that a n a l y s i s . T h e d e p r e s s i o n c o e f f i c i e n t s w e r e
thus ad jus ted to r e f l e c t these e l i m i n a t i o n s .
The f r a c t i o n s o f u r b a n i m p e r v i o u s l a n d w e r e f o u n d t o Me
a p p r o x l m a t e l y In the l o w - r a n g e of l i te ra tu re v a l u e s (see Chapter
3.1). T h e s e ranges I n p e r c e n t a g e are : s i n g l e f a m i l y ( 1 0 - 4 0 ) ,
m u l t i - f a m i l y (30-60), c o m m e r c i a l (40-100), I ndus t r i a l (50-80).
The Impe rv ious e s t i m a t e s for Indus t r ia l uses w e r e found to
be an e x c e p t i o n to those e s t i m a t e d In Chapter 3 o w i n g to the
l a r g e a c r e a g e devo ted t o q u a r r i e s . H i g h e r v a l u e s than those
es t ima ted In Chapter 3 for i ndus t r i a l l and uses we re used here to
better represent the more I m p e r v i o u s Indus t r ia l l and uses.
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TABLE 4-1
HYDROLOGIC PARAMETERS
A. Runoff Co-efficients
Urban Pervious Area 0.25
Urban I m p e r v i o u s Area 0.90
Non-Urban Surfaces 0.25
• B. Storage Depressions Co-efficients (Inch.)
Urban, Currently A v a i l a b l e 0.05
I Urban, Maximum 0.05
• N on -Urban, C u r r e n t l y A v a l l a b l e O.tO
Non-Urban, Maximum 0.10
™ C. Fraction of Impervious Urban Land by Landuse (%)
• Low Density R e s i d e n t i a l 20.00
Med i u m Density Residential 30.00
, H i g h Density Residential 40.00
Commercial . . 70.00
I n d u s t r l a l 70.00
• All Other 0.00
D. Co-efficient of Ev potr ansp I rat I on (In/day) 0.05
Ii
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4 .3 .2 Pol Iut Ion Load 1ng Parameters
E D P i n p r e v i o u s w o r k p e r f o r m e d a n e x t e n s i v e l i t e r a t u r e
r e v i e w o f a c c u m u l a t i o n f a c t o r s f o r v a r i o u s l a n d uses (3). I n
add i t i on to these f i g u r e s deve loped by EDP, Meta S y s t e m s has made
average a c c u m u l a t i o n recommenda t ions based on ex tens ive r e v i e w s
they have per formed. The resu l t ing es t imates, both for ranges of
a c c u m u l a t i v e factors, and for mean v a l u e s that w e r e used In the
m o d e l , a re p r e s e n t e d In T a b l e 4-2. One o f the c o e f f i c i e n t s '
c h a r a c t e r i s t i c s o b s e r v e d f r o m t h i s t a b l e I s t h e i r l a r g e
v a r i a b i l i t y w h i c h may be e x p l a i n e d not on l y by the v a r y i n g l oca l
cond i t i ons but a l sp by d i f f e r e n c e s In the m e t h o d o l o g i e s used In
their de te rmina t ions . A l t hough these c o e f f i c i e n t s do not d i r e c t l y
r e p r e s e n t a c t u a l m e a s u r e d d e p o s i t i o n v a l u e s , t h e y c a n b e
r e a s o n a b l y a s s u m e d to p r o v i d e I n d i c a t i o n s on the order o f
magn i t ude o f the d e p o s i t i o n c o e f f i c i e n t s requ i red for e s t i m a t i o n
of non-polnt Ioads.
It s h o u l d be noted that not all of the reported i n f o r m a t i o n
w a s used I n d e v e l o p i n g s u m m a r y r a n g e s f o r t h e e i g h t l a n d u s e
types . E a r l i e r r e p o r t e d r e s u l t s w e r e s p e c i f i c a l l y e x c l u d e d .
S I m l l a r l l y , r esu l t s a - typ lca l o f cen t ra l Massachuset ts we re a l s o
e x c l u d e d as we re a number of c l e a r l y i d e n t i f i a b l e "out Iiners". It
s h o u l d be c l e a r that a f a i r a m o u n t o f s u b j e c t i v e p r o f e s s i o n a l
judgment was i n v o l v e d In these s e l e c t i o n s .
The COD ranges for c o m m e r c i a l , I n d u s t r i a l , and r e s i d e n t i a l
w e r e e i t he r absen t , s p a r s e o r i n c o n s i s t e n t w i t h s e l e c t e d BOD
l e v e l s . A n a r b i t r a r y r u l e w a s g e n e r a l l y adop ted : I f t h e COD/BOD
ra t i o was l e s s than 4 o r no t c o m p u t a b l e , then that ra t io was
assumed.
F o r t h i s p r e l i m i n a r y m o d e l i n g w o r k , l o a d i n g e s t i m a t e s
d e v e l o p e d f r o m p r e v i o u s w o r k f o r t h e r e s i d e n t i a l c a t e g o r i e s o f
l o w dens i ty s i n g l e f a m i l y , h igh densi ty s i n g l e f a m i l y , a n d m u l t i -
f a m i l y l a n d uses w e r e a r b i t r a r i l l y a s s o c i a t e d w i t h t h e p r e c i s e
c a t e g o r i z a t i o n s u s e d I n t h i s s tudy . L o w d e n s i t y s i n g l e f a m i l y
e s t i m a t e s we re cons ide red appropr ia te f o r l ow d e n s i t y r e s i d e n t i a l
l a n d u s e s o f 0 - 2 u n i t s p e r acre. H i g h d e n s i t y s i n g l e f a m i l y
es t ima tes we re a s s o c l a t e d w i t h m e d i u m dens i ty res iden t i a l o f 2 -8
un i t s p e r acre. A n d m u l t i - f a m i l y a c c u m u l a t i o n e s t i m a t e s w e r e
c o n s i d e r e d a p p r o p r i a t e fo r h i g h d e n s i t y r e s i d e n t i a l o f 9+ or 9
p I us un i ts per acre.
P a r k l a n d s a n d f o r e s t e d l a n d s w e r e c o n s i d e r e d I d e n t i c a l .
•
W e t l a n d s , w h i c h can ac t as e i t he r s i n k o r sou rce o f p o l l u t a n t s ,
w e r e c o n s i d e r e d a s h a v i n g a n u l l e f f e c t . ( W e t l a n d s w e r e
c o n s i d e r e d I d e n t i c a l t o l a k e s f o r m o d e l i n g ) . H i g h w a y s w e r e
cons idered c o m m e r c i a l l a n d uses.
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T a b l e 4 -3 p resents the ave rage concent ra t ion f i g u r e s a s s u m e d
for non-urban land uses.
T h e Urban w a s h o f f d e c a y c o e f f i c i e n t I m p l e m e n t e d I n m o d e l
S T O R M w a s a l s o u s e d f o r t h e L a k e Q u l n s f g a m o n d b a s i n . T h e
c o e f f i c i e n t e q u a l s 4 . 6 ( I n c h e s l ) .
A l l parameters are p r e l i m i n a r y and subject to recomputat lon
or c a l i b r a t i o n d e p e n d i n g on the o u t c o m e o f the f i e l d da ta
c o l l e c t i o n program.
4.4 Prel 1ml nary Load Ing R e s u I t s
T a b l e s 4-3 through 4-7 present the p r e l i m i n a r y l o a d i n g
r e s u l t s f o r p resen t l a n d u s e s f o r t h e L a k e Q u l n s l g a m o n d b a s i n .
Land uses for the seven model c e l l d i v i s i o n s w e r e as s p e c i f i e d In
sect ion 3.1. H y d r o l o g l c and p o l l u t i o n l o a d i n g pa rame te rs w e r e as
s p e c i f i e d I n s e c t i o n 4.3. A f u l l y e a r o f r a i n d a t a ( 1 9 6 8 ) was
s l m u l t e d , us ing data as d e v e l o p e d In sec t ion 3.3.
A l l l o a d s a r e I n p o u n d s ; c o n c e n t r a t i o n s a r e I n m i l l i g r a m s
per l iter. T a b l e s 4-3 through 4-5 present r e s u l t s for a l l seven
c a t c h m e n t d i v i s i o n s . T a b l e s 4 - 6 t h rough 4 - 7 p resen t s u m m a r i e s
for the ent i re bas in. Mean l oad ings , means p l u s three t imes the
standard deviat ions, and mlx lm lmum hour load ings are presented.
36
a:
o
o
o
oQ_
CM
I
CQ
O
<
CQ
UJ
00
a:
UJ
a.
o
Q-
•
^^Q-
*^ -
o-
o
=c
h-
c;
— •
i—
z
•
—
c
z:
X
S
1
 —
s:
:s
k— t
>
X
*-
Q
i±
— •*
t—t
-^
X
CD
^
a
CJ
n
s
X
s
Q
i — i
b-
2T
— 4
LU
00
Q
•^
ic£
_J
CM
O
CD
ro
o
o
o
o
CM
o
r—
1 —CD
CD
CM
ro
J^ -
o
cn
CM
o
, —
1 —
CD
o
_J
1 — H
u.
UJ
_J
CD
ZL
f— i
00
cn
0
n
O
LT>
CD
o
o
o
cn
CM
CD
•
o
h-
1 — 1
00
LU
Q
T:
0
— 1
ro
o
o
£
o
o
cn
CO
CD
CO
o
.
o
1—
LU
T
CD
t — *nr
fl^
CD
o
ir>
o
o
.^
o
o
o
ro
o
CM
CM
CD
o
J^-
LO
o
CD
*
o
r-^
cn
CD
cn
ro
CD
CO
cn
o
o
CM
CO
o
o
~
1 1
\
t— <
I—
]
i_
CO
p»«.
CD
CD
0
o
CM
C\J
o
c?
o
CO
CO
o
CM
o
o
CM
J^-
o
CD
LO
CO
VO
CD
CD
ro
CD
CM
•-
1 — "
r—.
o
U3
r~^
o
o
_J
1 — 1
< >
ceL
LU
i-
>.
C'O
CO
UO
CO
~^
o
CD
o
CO
cn
o
o
o
o
u>
CD
ro
o
LT>
OJ
o
o
cn
o
CM
CM
m
•—
o
CM
o
•-
to
r—.
o
f-^ .
PO
o
o
_l
1— (
a:
h-in
I
Q
t^— \
00
o
t/)
EQJ
fO
LO
CD
O
ro
CD
cn
00
O
CD
cn
o
U
ra
OJ
w
QJ
S_
3
ra
S-
OJ
•*-*
^
CD
UJ
E
o
s-
•4-
E
g
• 1 —
X
ra
E
c:
ra
E
3
C
•I—
E
*
<y oo c£s: , |_
^-? i ' i
-" LU O1 -^
_-. —1 tf^
IT. CQ O
a. ^ °
0
 "~ u_
^ 0Q) S
-a QX
Q
J2 LU o o o
r o o o
a> 2
3
 LU
^ §
^
T3
CU
-M
U
OJ
Q.
X
QJ
-a
OJ
-o
c
OJ CD
1 o o o
§ on
O
CO , |
s- '
LO
"•" • UO
-r-1 Q h-
-^' 2: oo
'jr ct LUE _j QC
^Z i^^  CO
LU CC U-
O 0_
OJ
•J-J
>J
00
CO
OJ
^r
^^
>,
-Q
-o
Q)
-a
c
QJ
E
O
L)
QJ
S-
irt
frt
t/1
O
4_)
1_
__
OJ
U
c:
ou
QJ
CD
ra
i-
QJ
ra
*
I
1
I *:**-*
TABXJE_.A=3.
_ __.VALUES_.GF,..LO.ADS. AND CONCENTRATIONS. FOR. WEAN . DISCHARGES.. ..*****
.P.AGE
I
I
I
Q U I N S I G A M O N D D R A I N A G E B A S I N
_P_R.E.S£N.T^AN.D_U.S_E_CO&DIT_IO.NS_.__
l < L 0 A D { L B / S T O R M } •>| |< — C C N C E N T R A T I O N ( H G / L ) >
t G M l - N T D I S C H A R G E
B O D C O D T O T . N I 1 R O , TOT. PHOS. B O D C O D T O T . N I T R O . TOT. P H O S .
112
1V
-7
1
1
I_
C U I N B Q
QUIN BQ
QUIN fU)
QUIN BQ
__QU_IN. BO ....
QUIN 3Q
au.TN___E3
30
31
1?
33
34
35
16
.. 3 6 1 . .04
4 0 7 . 6 2
3 4 7 . 4 5
2 5 6 . 2 9
.:__J52..96
5 3 4 . 0 7
82 . 22
4 7 9
G O O
4 E 2
274
481
6 S 7
.08
.63
. ?1
.1 9
.0 1
. 1U
2391.
3 160.
2578 .
1 359 .
2590.
3573 .
587.
36
73
00
, 0 4
62
41
14
•
98-
128.
9*5.
56.
106.
151.
23.
53
80
65
40
84
11
83.. _
_ _ 49 .58 _
45 .34
32 .72
30.01
.2.8.72. ....
54 .55
.. .8..A6. ._ .
.. 7.
8.
_. 7..
6.
. .7.
7.
7.
16 39.17
19 • 45 .75
75 45 .88
04 31.57
95 .....U3..67 .
43 3 9 . 4 7
80 _ . _.43..63_ ..
1
1
. 1
1
.... 1
1
.. .1
.54
.82
...7 4
,27
.79
.65
.75.
. 0 . 62
0.55
0.53
.. 0 . 4 5
0 . 5 1
. 0 .51
I
I
t
1 .
1
•
1
I .__0 S E G M E N T
|
.— 1. .QUJLN B.Q 30
• 2 Q U I N 30. 31
"3 O t f T M BQ -2
4 g i J l N EQ 33
15 o.niN no 346 Q U I N 3Q 35
7 aUliJ_BC 16
-M***_._
D I S C H A R G E
( A P R F ' - T N )
J8.?4.83. .__
2 0 9 0 . 5 7
1319. 40
1 7 E - 7 . 7 f i
2728, 23
4 19, .2.Q._
_VALUES
1
B
_-23.3.3.
2896 ,
2167 .
1322 .
.__2 3.2.6..
3366.
.._ 5.2.2..
-
TA.ELE-4-4 -
.. OE . .LG.ADS. ANE .CONCENTRAT-IONS-FOR- (
Q U I N S I G A M O N D
P R E S E N T T.A >lp
-L U A D ( i.
0 D C O D
4 3 11563. O E
28 15230.70
42 1 2 3 9 4 . 91
86 6 5 4 6 . 0 9
R f l 1 2 5 6 5 . 7 7
32 17280. 90
18 2 R 2 4 . 5 6
D R A I N A G E B A S I N
U ^ E r n j j n i T T n H ^
D/ b lUhf l )
... ... .._
M E A N + 3 S D ) .
I
T O T . N I T E O . TOT. PHOS.
477. SI __
620. 59
47R.11
271. 85
517.73 .
730.29
1 14..5J
246., 62 _
2 2 0 , 7 4
157.04
148, 21
138. .32
2 6 4 . 8 3
...39.. 2.5
D I S C H A R G E S . -
|< — C 0 N C
B O D
_...26.28
31.08
30.90
22 .95
_. .31.7.1.. . ..
28.80
30. 86
- • - - - •-
* * * * *
E N T R A T
C O D
_, 151 .42 . _.
179.53
187.09
123.67
.. 1.76.3,3. .
156.19
176.4'0
-
I 0 N ( M G
TOT. N I T R O .
5. .8,1
7 . 0 U
1.A3.
4 .91
7.2.0
6. 48
„_ 7.. 0.0
P A R K
/ L ) >|
TOT. PHOS.
.2. 15 . _
1.96
1. 82 .
1.84
1.73
1,83
... . 1 .89 . .1
t
E
I
I
F
I
t
I
TABLE--4-5-
VAL.UES. . .OF._LCJU)S A N D . C O N C £ N T E ATIONS...FOR . M E A N . . . HAX . H O U B .DI S C H A R G E S *****
.EAGE-.
Q O I N S I G A M O N D D R A I N A G E B A S I N
1
1
•1
4
1
7
SfcS.ILNT
QUIN no.
QUIN' no
QUIN !3Q
QUIN DQ
Q.UHU3.Q.
. ...3.O..
31
.12
33
35~
_3.6
I K--C O N C E N T R A T I O N ( M G / L ) > |
D I S C H A R G E
/ A C R 1 - • * T N \ . . .
9 0 . 2 6
102, 26
3 7 , 4 5
64. 13
69. .07... .
134. 23
. .. .20...6.C] .
B O D
113.06
145. 87
113.57
66. 30
1.2.1 .45
1 "i 1 . 7 1
27.17
C O D TOT.NITRO,
5 7 4 . 3 6
778. 91
6 5 4 . 5 5 '
332, 66
658. 0.7
8 8 8 . 5 1
1.4 8.. _1 3. .
23. 46
31 .55
25. 17
13. 72
. _27 .09 . ._
37 .46
5.9.9 _... .
TOT. PHOS.
_ 11,35
10.71
7.93
6.93
7..13 ...:
12.99
1...9.7
B
6.
7 .
6,.
5,
6.
6.
6.
0 D
4.1
24
80
36
94
54
85... ._ ._
C 0
. 35. 36_
40. 48
4 0 . 2 9
28.10
.38.12
34 .75
38..36_.
D TOT.NITRO. TOT.
__ _ . .1
1
1
1
. . . . . . . . 1
1
.3.9
. 61
.53
. 13
.5 6. __.__. „. .
. 45
.,53., _.
PHOS.
.0.55
0 . 4 8
0 . 4 3 _
0. 47
0.39
0. 45
0 .45
I
t
I
r
i
i
I
.„. .„ . _ , _ , . ., ._„ TAB1E 4-6 . _ . . .
M_ . . RAG E
***** M E A N V A L U E S OF ! TOTAL LOADS . L B / S T O R M )
—
Q U I N S I G A W O N D D R A I N A G E B A S I N
-E.RJ5.fiNT LANH_USJi_COJU)j:T-IO.N.S.
BASIN _NAME B_0_D____ C_Q_D T . N I T „ T...PHO.S
T1EAN.:*:3_S.D MJiAN M.EAN±3..SJ3. HEA.N MEA,Nt.3SD K E A N
Q U I N S I G A M C N D 3093. 1U885. 16240. 78215. 665, 3202 . 2 4 9 . . 1210.
^m _f ; ^___ .'. „ „ . ......
I
I
i
r
-TA-BLE- 4-7 - . . . . . _ . . - - _ - -
E. AG E...
H A X I H U H H O U R TOTAL LOADS ( I D / S T O R M ) *****
Q U I N S I G A M O N D D R A I N A G E B A S I N
• _ BASIN NAME __________ ..... ______________ J._0__D _______________ C._0_J) _______________ ....... - ...T..NIT ________________ ....... __________ 1. ?HOS_ .......... _
M __ H£A^ __ aJLANJ:3_S.B _ HEIN _ MEAJtt_t3.SJ) _________ nE.A,N _____ HEA.N+.3.SD ___ MEAN __ . ____ M.EAN_.t3SD_
I
I
I
I
f
I
I
I
I M ' G N D 759 . 3778. 4035. 2 0 4 3 6 . 164, 826, ' 5 9 . 285.
—II
REFERE-NCES FOR CHAPTER 4
1 . S torage, T rea tmen t , O v e r f l o w , R u n o f f , M o d e l : S T O R M ,
Hydro Iog!c E n g i n e e r i n g Center, 43 Army Corps of EngIneers.
42
